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Lesson 19, Volume 14 —Thrombolytic Therapy in Massive and
Submassive Pulmonary Embolism

By Carlos E. Girod, MD

Objectives
1. Define massive and submassive pulmonary embolism.
2. Understand the rationale for the use of thrombolytic therapy in pulmonary embolism.
3. Detail the pathophysiologic events leading to death from pulmonary embolism.
4. List the indications and contraindications of thrombolytic therapy.
5. Determine the recommended guidelines for administration of thrombolytic therapy.
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MAPPET = Management Strategy and Prognosis of Pulmonary Embolism Registry; PE = pulmonary embolism; rt-PA =
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Pulmonary embolism (PE) and deep vein thrombosis encompass the syndrome of venous thromboembolism (VTE). In the United

States, VTE has a reported incidence of 1 in 1,000 persons yearly and account for approximately 250,000 hospitalizations each
year." As many as 50 to 60% of patients with deep vein thrombosis develop symptomatic or asymptomatic PE.” The case-fatality
ratio for PE has been reported to be approximately 4 to 12%." The International Cooperative Pulmonary Embolism Registry has
demonstrated a 3-month mortality rate of 17.5% for PE. This alarming observation has led many clinicians to re-evaluate the use of
thrombolytic therapy in PE. This lesson will focus on the natural course of heparin-treated massive and submassive PE, the risk
stratification of patients with PE, and the current recommendations for thrombolytic therapy for this disease.

Definitions and Incidence

Massive PE is best defined by hemodynamic instability rather than by a percentage of pulmonary vascular occlusion. It is a clinical
syndrome associated with a high mortality rate. The pathophysiology of massive PE is highlighted by acute and significant
pulmonary vascular occlusion leading to sudden elevation in pulmonary arterial pressure and right ventricular (RV) failure. These
patients have unstable hemodynamics, significant hypoxemia, and signs of tissue hypoperfusion. The percentage of pulmonary
occlusion required for hemodynamic instability and RV dysfunction can vary depending on preexisting cardiopulmonary disease.
For example, a previously healthy patient may require more than 50% vascular occlusion before RV dysfunction is detected. In
patients with preexisting cardiopulmonary disease, even as little as 20% pulmonary vascular occlusion can precipitate



hemodynamic instability.*

PE can also present with significant pulmonary vascular occlusion ( > 30%) but stable hemodynamics. For the purposes of this
lesson, this manifestation of VTE will be called a major or submassive PE.

In the absence of absolute contraindications, thrombolytic therapy for massive PE is clearly indicated.1,3,4 A more difficult clinical
decision is the administration of thrombolytic therapy in hemodynamically stable, submassive PE. Emergent data suggest that a
subset of these patients may have a high in-hospital and outpatient mortality rates. Can this subset of patients be identified utilizing
bedside diagnostic examinations and techniques? Does thrombolytic therapy improve survival in submassive PE?

Natural Course of Heparin-Treated PE

To understand the benefits of thrombolytic therapy, the natural course of heparin-treated PE must be reviewed. Utilizing serial
catheterization and angiograms, Dalen et al > demonstrated little hemodynamic improvement or angiographic resolution of clot
during the first 7 days of treatment with heparin. Prediletto et al® showed that a large part of the perfusion abnormalities detected by
scintigraphy improved as late as 30 days from embolization. This delay in the therapeutic effects of heparin is due to the fact that
heparin does not lyse the clot already lodged in the pulmonary circulation. The resolution of PE is dependent on the intrinsic
fibrinolytic system. Thus, the role of heparin therapy is primarily a form of secondary prevention through inhibition of further
thrombus formation.” Nevertheless, heparin therapy followed by oral anticoagulation reduces the risk of recurrent VTE and death
by 80 to 90%.* The risk for recurrent PE and death with anticoagulation still ranges from 5 to 10%. *'°

Recent studies detect a disturbingly higher mortality rate for PE than that previously described. For example, the International
Cooperative Pulmonary Embolism Registry found a 3-month mortality rate of 17.5%."" In a second study of patients 65 years of age
or older suffering from PE, a 30-day mortality rate of 13 to 14% was reported. '* This increased mortality rate may be due to the
underlying chronic medical conditions rather than to recurrent VTE. Nevertheless, these data reinforce the urgent need to study the
role of primary intervention (ie, thrombolytic therapy) for the treatment of acute PE.

Rationale for Thrombolytic Therapy in PE

The benefits of thrombolytic therapy were first studied by initial clinical trials, such as the Urokinase Pulmonary Embolism Trial
and Urokinase-Streptokinase PE trials. These studies demonstrated that patients receiving thrombolytic therapy had a more rapid
resolution of angiographic obstruction and hemodynamic disturbances than those receiving heparin alone."*'* In fact, a trend
towards improved survival was observed in one of the studies."> When compared to heparin therapy, the long-term benefits of
thrombolytic therapy, such as increased preservation of pulmonary capillary blood volume and diffusion capacity, were observed
even after 1 year."” These benefits suggest that thrombolytic therapy may resolve distal and diffuse PE, maintaining pulmonary
vascular reserve.

After these early trials, other small, randomized studies were published. These studies have been summarized by Arcasoy et al’
(Table 1). Because of the small numbers of patients studied, these studies were not designed to demonstrate a reduction in mortality
or recurrent VTE. Approximately 1,000 subjects would be needed to demonstrate a statistically significant reduction in these two
major end points. These studies do support the following important conclusions: (1) early in the course of PE, thrombolytic therapy
results in superior improvements in hemodynamics and reperfusion compared to heparin therapy alone, but the amount of
reperfusion may be equivalent 7 days after the PE’; (2) in major PE with stable hemodynamics, thrombolytic therapy has not been
demonstrated to improve survival or reduce the risk of recurrent PE.?

Table 1—Randomized Trials Comparing Thrombolytic and Heparin Therapy*
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The available clinical data should be separated by the type of pulmonary embolus. In patients with massive PE, various studies
support the role for thrombolytic therapy. In a 1995 study performed by Jerjes-Sanchez et al,' patients with massive PE (with
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hemodynamic instability) were randomized to an IV bolus of streptokinase or to heparin therapy alone. The goal of the study was to
enroll 40 subjects. This study was stopped prematurely after enrolling only eight patients. All patients randomized to heparin died,
and all four patients treated with thrombolytic therapy survived. Although a small study, it strongly supports the current indication
for thrombolytic therapy in massive PE.'?*%!0

What is the role of thrombolytic therapy in submassive PE without hypotension or shock? Recent studies have focused on this
specific issue. The largest randomized, controlled clinical trial examining hemodynamically stable PE was published in 1993 by
Goldhaber et al.'” A group of 101 patients were randomized to receive recombinant tissue plasminogen activator (rt-PA) followed
by heparin or heparin alone. The goal was to study RV function with echocardiography at baseline and 24 h posttreatment.
Thrombolytic therapy demonstrated a greater improvement in RV function and pulmonary perfusion compared to heparin
treatment. In fact, a statistically significant reduction in recurrent PE was seen in the rt-PA-treated patients. During the first 2 weeks
of follow-up, five of the heparin-treated patients died. Based on echocardiographic findings, these patients had already
demonstrated significant RV hypokinesis despite having normal blood pressures. This study has sparked an interest in the
evaluation of RV dysfunction as a marker for a patient population at high risk for recurrent PE and/or death.

In 1997, a second study supported the use of thrombolytic therapy in submassive PE with stable hemodynamics.'® This multicenter
registry (Management Strategy and Prognosis of Pulmonary Embolism Registry, or MAPPET) was a prospective, nonrandomized
evaluation of 719 patients with submassive or major PE. In the study design, the attending physicians were allowed to decide
between heparin or thrombolytic therapy. The patients' baseline characteristics demonstrated that those treated with thrombolytic
therapy were younger and less likely to have preexisting cardiopulmonary disease. The thrombolytic therapy group had a reduced
30-day mortality rate (4.7% vs 11.1%, p = 0.016) and reduced risk for recurrent VTE (7.7% vs 18.7%, p < 0.001) compared to the
heparin group. Major bleeding complications were significantly higher in the thrombolytic-treated patients (21.9% vs 7.8%). These
studies champion the need for controlled and randomized clinical trials to address the role of thrombolytic therapy in submassive
PE.

Risk Stratification: The Right Ventricle in PE

Death due to PE is caused by acute pulmonary vascular occlusion with sudden elevation of pulmonary arterial pressure. The right
ventricle dilates with resultant RV failure.* Autopsies of patients who died of acute PE have demonstrated RV dilatation and
infarction. This is the most widely accepted pathophysiological explanation for death due to massive PE."”** Animal and human
studies utilizing hemodynamic and echocardiographic data have demonstrated the development of pulmonary arterial hypertension
with deviation of the interventricular septum into the left ventricle. This septal deviation leads to decrease in left ventricular
preload, stroke volume, cardiac output, and finally, coronary perfusion. The phenomenon has been termed ventricular
interdependency.'™*

In submassive and hemodynamically stable PE, echocardiographic monitoring of RV function may serve as a tool for identifying
patients at risk for death or recurrent VTE. Those with submassive PE have already survived the initial embolic event. Death is
usually related to recurrent VTE, as seen in 5 to 7% of patients despite heparin treatment.’ Four recent PE registries have provided
echocardiographic data demonstrating that the detection of RV hypokinesis is associated with a two- to three-fold increase in
mortality.'"'®*'** The mechanism by which RV dysfunction leads to increased risk for VTE or death is still unclear. It is postulated
that RV dysfunction leads to stasis and vascular congestion, an environment auspicious for further clot formation and migration.
Another possible explanation is that patients with RV dyskinesis suffered a larger pulmonary vascular occlusion and may have
increased residual clot in the lower extremities available for recurrent embolization.”

Based on these observations, echocardiographic assessment of RV function should be considered in patients with submassive PE
with > 30% pulmonary vascular occlusion.” The degree of RV dysfunction may help to stratify patients into categories of increased
risk for either recurrent VTE or death.

Indications for Thrombolytic Therapy in PE

Present therapy for PE consists of secondary prevention with systemic anticoagulation. In 1977, the FDA approved the use of
thrombolytic therapy for PE associated with hypotension and significant hypoxemia despite oxygen supplementation.” In the
absence of absolute contraindications, many authors strongly recommend primary therapy with thrombolytics in massive



PE 1,3,4,9,16,24

It is more difficult to make specific recommendations regarding thrombolytic therapy in submassive PE. Authors have argued
for'®!'"2°%} and against**** this intervention in this setting. Data suggest that patients with hemodynamically stable PE but moderate
to severe RV dysfunction may benefit from thrombolytic therapy. In a randomized study by Goldhaber et al,'’ patients with stable
hemodynamics received either heparin or tissue plasminogen activator. In 39% of patients, thrombolytic therapy improved RV wall
motion abnormalities compared to 17% in the heparin group. In the patients with RV hypokinesis at the time of inclusion in the
study, the effects of thrombolytic therapy on RV function were much more noticeable: 88% improvement and 6% worsening, in
contrast with 44% improvement and 28% worsening in the heparin-treated group. In fact, the five episodes of recurrent
thromboembolism (two fatal) were seen in patients with baseline RV dyskinesis treated with heparin alone. This difference in the
number of recurrent thromboemboli approached but did not reach statistical significance (p = 0.06).""* Further evidence in support
of thrombolytic therapy was provided by the MAPPET registry.'® This registry demonstrated an increased mortality rate in those
patients with documented RV dysfunction who did not receive thrombolytic therapy. As described earlier, this study was not
randomized and was biased by including a statistically higher number of older patients with LV dysfunction in the heparin-treated
3,18

group.”

Based on these data, thrombolytic therapy in submassive PE with RV dysfunction should be considered on an individual basis. The
patient's age, symptoms, physical examination, level of hypoxemia, and presence of RV dysfunction must be carefully studied. In
the absence of contraindications, a patient with > 30% pulmonary vascular occlusion accompanied by dyspnea, hypoxemia, and
evidence of moderate to severe RV hypokinesis could be considered for thrombolytic therapy. A future prospective, randomized
clinical study may help settle this debate.’

Risks and Contraindications

The major risk of thrombolytic therapy is bleeding, which commonly occurs at puncture and central line sites. Gastrointestinal,
retroperitoneal, and intracranial bleeding are serious complications of thrombolytic therapy. Early studies utilizing prolonged 24-h
infusions or intrapulmonary instillation of thrombolytics had a higher incidence of major bleeding (11 to 45%).” Thanks to careful
patient selection, minimization of patient instrumentation, and use of short-duration regimens via peripheral IV routes, the risk of
bleeding has been reduced to between 6 and 12%. Nevertheless, studies such as the MAPPET registry reported an increased
incidence of major bleeding (22%) in patients receiving thrombolytics compared to heparin control subjects (8%). In fact, 11% of
the thrombolytic-treated patients required either discontinuation of lytic therapy or surgical intervention.'®

The most dreaded complication of thrombolytic therapy is intracranial hemorrhage, which occurs in approximately 1% of patients."’
This risk increases significantly with age, uncontrolled hypertension, and history of recent stroke or craniotomy.’”**’ In a registry of
approximately 300 patients receiving thrombolytics for PE, none of the patients < 55 years of age suffered from this complication.”

The increased risk for serious bleeding with thrombolytic therapy must weigh heavily in the decision whether to use thrombolytic
therapy for massive and submassive PE. The relative contraindications to thrombolytic therapy include the following: (1) major
internal bleeding in the previous 6 months; (2) recent (within 2 months) stroke or intracranial or intraspinal trauma or surgery; (3)
active intracranial disease; (4) uncontrolled hypertension (systolic BP > 200 mm Hg or diastolic BP > 110 mm Hg); (5) major
surgery, puncture of a noncompressible vessel, organ biopsy, or obstetric delivery within the last 10 days (2 weeks for open-heart
surgery); (6) bleeding diathesis (including that associated with renal or liver disease); (7) recent major or minor trauma, including
cardiopulmonary resuscitation; (8) infective endocarditis; (9) pregnancy; (10) hemorrhagic retinopathy; (11) pericarditis; and (12)
aneurysm.

Administration of Thrombolytic Therapy: Controversies

Careful evaluation of the clinical studies of thrombolytic therapy for PE raises the following questions: (1) Which thrombolytic
agent is safest and most effective? (2) Should the agent be administered systemically or locally? (3) What is the time window for
administration of thrombolytic therapy?

Which thrombolytic agent is safest and most effective? Many studies have demonstrated that streptokinase, urokinase, and rt-PA
have equal safety profiles and efficacy in angiographic resolution of clot and in improvement of hemodynamic disturbances.® A



study performed by Meneveau et al*® compared two Food and Drug Administration (FDA)-approved thrombolytic regimens in

massive PE: 12-h streptokinase infusion vs 2-h infusion of rt-PA. The shorter infusion of rt-PA led to a quicker improvement in
hemodynamic disturbances. This advantage is most likely related to the rapid loading of thrombolytic activity rather than the
specific thrombolytic agent used. The only short infusion currently approved by the FDA is the 2-h rt-PA infusion.

Should the agent be administered systemically or locally? Thrombolytic therapy should be administered systemically through a
peripheral IV. A single study has compared systemic and local thrombolytic therapies. Vestraete et al*® randomized patients to
receive 50 mg of rt-PA over 2 h, either through a pulmonary artery catheter or peripheral IV. Equivalent angiographic improvement
was seen with both infusions. Pulmonary arterial administration with a catheter is associated with increased risk of bleeding at
puncture sites and retroperitoneum. There are reports of locally administered thrombolytic therapy using smaller doses than those
used systemically, with improvement in angiographic scores and perfusion. This technique may allow for lower doses of
thrombolytic agents and, thus, safer administration of thrombolytic agents patients at increased risk of bleeding.’

What is the time window for administration of thrombolytic therapy? In the setting of massive PE, thrombolytic therapy should be
administered without delay. In less urgent cases, the time window for therapy is reported as 14 days from the onset of clinical
manifestations of pulmonary embolus.'** This broad therapeutic window provides the clinician with time for a careful decision
regarding the use of thrombolytic therapy in submassive PE. Therefore, most authors recommend that thrombolytic therapy be
administered during the daytime hours to allow for availability of hospital facilities, physicians, and ancillary services.'’ Four
clinical trials reported equal benefit when thrombolysis was administered within the first 5 days compared to 6 to 14 days from the
onset of symptoms.'’***'** In a retrospective review by Daniels et al,” 308 patients from five clinical trials were studied to revisit
this issue. For each day's delay in starting thrombolytic therapy, a 0.8% decline in lung tissue reperfusion was detected.
Nevertheless, the study concluded that thrombolytic therapy was still useful 6 to 14 days from the onset of symptoms.

Administration of Thrombolytic Therapy

Once the decision to use thrombolytic therapy is made, some guidelines should be considered to increase the safety and efficacy of
these agents. It is recommended that an FDA-approved regimen be utilized (Table 2). Only rt-PA is approved for the shorter 2-h
infusion. In two clinical studies, this regimen improved resolution of angiographic obstruction in the first 12 h after PE better than
the longer 12-h, FDA-approved streptokinase infusion.* The recommended protocol for thrombolytic therapy for PE is delineated
in Table 3.>"°

Table 2—Thrombolytic Agents Approved for Treatment of PE*

Drug Regiment Approval Date



decision to use thrombolytic therapy must be individualized to each patient's presentation and
clinical manifestations.

4. Initiate thrombolytic therapy in the daytime hours, unless clinical deterioration or shock develops.

Remember, there is a 14-day therapeutic window.

Stop heparin infusion and initiate a FDA-approved thrombolytic regimen (see Table 2).

6. Minimize the use of phlebotomy, arterial punctures, or other invasive procedures during infusion.
Minimize handling of the patient.

7. Discontinue infusion in the setting of noncompressible bleeding or important hemorrhage. Treat
thrombolytic-induced bleeding with cryoprecipitate and fresh frozen plasma.

8. Obtain emergency neurosurgical consultation and noncontrasted CT scan of the head if the
neurologic findings change.

9. Measure partial thromboplastin time every 2 to 4 h. Restart heparin drip (without a bolus) when
measurement is < 2.5 times the control value.

hd

* Adapted from Arcasoy and Kreit’ and Goldhaber."

Summary

Thrombolytic therapy has been demonstrated to improve angiographic and hemodynamic abnormalities in acute PE. Nevertheless,
a statistically significant reduction in mortality or recurrent VTE has not been demonstrated. This lesson outlined the available
evidence supporting the present recommendation for thrombolytic therapy in massive PE with hypotension.

The evidence for thrombolytic therapy in submassive or "hemodynamically stable" PE is less conclusive. In this clinical setting, a
large, multicenter, controlled clinical trial will be required to demonstrate a reduced mortality with thrombolytic therapy. Because
of the low case-fatality rate for acute PE, approximately 1,000 patients will be required to demonstrate a statistically significant
reduction in mortality. For example, the Gruppo Italiano per lo Studio della Streptochinasi nell' Infarto Miocardico (GISSI-1) trial,
utilizing thrombolytic therapy in acute myocardial infarction, enrolled 11,712 patients to demonstrate a reduction in mortality with
thrombolytic therapy.* For acute PE, an endeavor of this proportion will require a unified, multicenter effort that has yet to
materialize.

Recent clinical trials suggest that a subset of patients may be at high risk for recurrent VTE or death in the setting of submassive
PE. Early in the hospital course, these patients demonstrate significant or progressive RV dysfunction. RV dyskinesis or
dysfunction can be assessed noninvasively with a transthoracic echocardiogram. This technique may help "risk-stratify" these
patients into a higher mortality group despite stable hemodynamics. Thrombolytic therapy in these patients may have a role, as
supported by the studies discussed in this review. For now, the decision to use thrombolytic therapy for submassive PE must be
individualized for each patient by carefully weighing the advantages, disadvantages, and contraindications. Until further studies
confirm the available preliminary data, exact guidelines for this clinical scenario cannot be proposed.
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Lesson 20, Volume 14 —Myths of Corticosteroid Use in COPD

By Michael Frye, MD, FCCP

Objectives

1. Understand the clinical settings in which systemic corticosteroids may be useful in the treatment of
COPD.

2. Appreciate the ineffectiveness of inhaled corticosteroids for reducing the yearly decline of FEV, in
patients with COPD.

3. Recognize the risk of osteoporosis in COPD patients treated with corticosteroids.

4. Understand the pathophysiologic basis for the effectiveness of corticosteroids in the treatment of
COPD exacerbations.

5. Appreciate the prevalence of vertebral fractures in patients with COPD.

Key words
COPD; corticosteroids; exacerbation; FEV; osteoporosis
Abbreviation

NS = not significant

Although there have not been many changes in the past decade in the types of medications available for the treatment of chronic
obstructive bronchitis and emphysema, there have been significant changes in the frequency of use of these medications. From
1987 to 1995, the percentage of patients using theophylline, oral $-agonists, and oral corticosteroids declined, while the percentage
of patients using inhaled corticosteroids and ipratropium increased.' The use of inhaled 3-agonists did not change during that
period (Fig 1).
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Figure 1. Usage trends for medications in COPD, 1987 to 1995. ICS = inhaled corticosteroids; THEO = theophylline; OCS = oral
corticosteroids; OP2 = oral B-agonist; IAC = inhaled anticholinergic; I32 = inhaled -agonist. Adapted with permission from Van
Andel et al.'

There are several possible reasons why the trend in corticosteroid use has shifted from oral to inhaled agents. The main reason is
most likely the high risk of adverse side effects resulting from the long-term use of oral corticosteroids. Clinicians may also be
encouraged by their success using inhaled corticosteroids to treat asthma. Unfortunately, inhaled corticosteroids are not effective in
most patients with COPD and these agents also have some adverse side effects that are commonly underappreciated. Economic
cost relative to the benefit must also be considered.

Although the reduction in the percentage of COPD patients taking oral corticosteroids is appropriate, the literature does not appear
to support the increase in the use of inhaled corticosteroids in COPD patients. Nevertheless, a myth has emerged that inhaled
corticosteroids are an effective treatment for COPD. Myths concerning the use of corticosteroids to treat COPD may lead to
therapeutic mistakes. In this review, I will discuss some of the myths of corticosteroid use in COPD and will conclude with
recommendations for their use. For the purpose of this manuscript, the term COPD refers to chronic obstructive bronchitis or
emphysema and not asthma, for which corticosteroid use is virtually always effective.

Myth 1: Most stable COPD patients will respond objectively to oral corticosteroids.

Unlike asthma, only a minority of stable COPD patients will show an objective improvement in FEV| in response to oral
corticosteroids. A compilation of information concerning oral corticosteroid use in stable COPD was reported by Callahan and
colleagues.” Of the 33 original investigations performed from 1951 to 1989, these authors performed a meta-analysis on the 10
studies that met all of their qualifying criteria, encompassing 334 patients. Each original investigation was weighted according to
the number of subjects. All were randomized, double-blind, placebo-controlled trials that excluded asthmatics and patients with
exacerbations of COPD. Most patients were male, chronic smokers in their early 60s, with a baseline FEV, of approximately 1 L.
The typical treatment regimen was the equivalent of prednisone 40 mg/d orally for 14 days. Patient response was defined as >20%
improvement in baseline FEV . They found that stable COPD patients treated with oral corticosteroids are likely to have a



clinically significant improvement in pulmonary function 10% more often (95% confidence interval, 2 to 18%) than if
corticosteroids were withheld. It is noteworthy that in some of the steroid responders, the degree of improvement was impressive.
As only a small number of COPD patients show an objective response to oral corticosteroids, it is important to determine which
patients are true responders to avoid the complications of corticosteroid use in the majority of COPD patients who are not steroid-
responsive.

Myth 2: All COPD patients deserve a prolonged trial of corticosteroids to determine
efficacy.

Only a small percentage of stable COPD patients have an objective response to corticosteroids. The cost, inconvenience, and
undesirable side effects of corticosteroid administration make it imperative to determine which patients with COPD will benefit
from this therapy. Some of the clinical and laboratory features of asthma have been cited as predictors of steroid responsiveness in
COPD patients.** A correlation between steroid responsiveness and blood>® or sputum eosinophilia®'' has been observed by some
investigators, while other studies have shown no correlation for either finding.'>'"* Chanez and colleagues* found an increased
number of eosinophils in the bronchial biopsies of patients with COPD who responded to prednisolone; however, using bronchial
biopsies to predict corticosteroid responsiveness is not practical clinically. A correlation between bronchodilator response and
corticosteroid response has been observed by some investigators”'*"* but not by others.””*'* Lastly, interday variability of airflow
obstruction, a personal or family history of allergy, and prominent wheezing have been suggested as predictors. Unfortunately,
none of these features is a consistent predictor. Furthermore, some patients who do not have any of these predictors are found to be
corticosteroid-responsive.

Rather than trying to predict responsiveness, a 2- to 3-week trial of prednisone is recommended to test for an objective response to
corticosteroids. Spirometry is obtained at the beginning and at the end of the prednisone trial. Each morning a single daily dose of
30 to 40 mg of prednisone (or equivalent) is given for 2 to 3 weeks. An improvement in FEV, of >15% provides objective evidence
of a positive response. If no improvement occurs, prednisone should be discontinued. For patients with a significant improvement,
the dose should be gradually tapered to the lowest effective dose that maintains the improvement. Inhaled corticosteroids may be
effective in some systemic steroid responders.

Myth 3: Systemic steroids are not useful in exacerbations of COPD.

Whether or not corticosteroids should be used in acute exacerbations of COPD has been debated for years. Until recently,
clinicians have not had convincing evidence of the benefit of corticosteroids in this setting. The scientific basis for using
corticosteroids in exacerbations is found in the comparison between bronchial biopsies in patients with exacerbations of chronic
bronchitis and biopsies obtained while the disease was stable. Saetta et al'® found a 30-fold increase in the number of eosinophils in
bronchial biopsy specimens taken during exacerbations. An eosinophil-predominant inflammation is seen in asthma and is
generally responsive to corticosteroids. The inflammatory cells in bronchial mucosa in stable COPD are typically neutrophils and
would be less likely to respond to corticosteroids.

The first two prospective trials investigating the efficacy of corticosteroids in exacerbations of COPD arrived at conflicting
conclusions. In 1980, Albert and colleagues'? randomized 44 patients requiring hospital admission to receive either 0.5 mg/kg
methylprednisolone or placebo every 6 h for 72 h. The mean percent change from baseline in the prebronchodilator and
postbronchodilator FEV, measurements was greater in the steroid group than in the placebo group. Twelve of 22 steroid patients
but only 3 of 21 placebo patients had > 40% improvement in FEV,. Emerman and coworkers'’ randomized 96 patients seen in the
emergency department for COPD exacerbation to receive either 100 mg of methylprednisolone or placebo. At 4 h, there was no
difference in FEV,, FVC, or hospitalization rates between the two groups. The short follow-up period in the latter study may
explain the difference in results.

For treatment of COPD exacerbations, corticosteroids may have little effect within 4 h but significant effect in some patients by 12
to 24 h. Thompson and colleagues'® randomized 27 outpatients with COPD exacerbations to receive either a 9-day course of oral
prednisone in a tapering dose starting at 60 mg/d or placebo. The difference between the two groups in the percent change in FEV,
from baseline did not reach statistical significance on day 3 (+17.7% prednisone vs —1.6% placebo; p = 0.05). However, the change
was significant on day 10 (+36.9% prednisone vs 1.0% placebo; p = 0.01). Fewer treatment failures (hospitalization, 2 vs 0; open-
label prednisone use, 6 vs 0; p = 0.002) were seen in the patients randomized to the prednisone group. Two retrospective studies by



Murata and associates'** found that emergency department treatment of exacerbations which included corticosteroids reduced the
relapse rate at 48 h (8.9% vs 33.3%; p = 0.005).

Two other recently published randomized trials support the use of systemic corticosteroids for acute exacerbations of COPD. The
results of the Department of Veterans Affairs Cooperative Study Group investigation of the effects of systemic glucocorticoids on
exacerbations of COPD was recently reported by Niewoehner and colleagues.”’ They randomized 271 hospitalized COPD patients
with severe exacerbations to receive either a 2-week course of glucocorticoid therapy, an 8-week course of glucocorticoids, or
placebo. All patients were treated with a broad-spectrum antibiotic and frequently administered nebulized bronchodilators. In the
glucocorticoid groups, IV methylprednisolone, 125 mg every 6 h for 72 h, was followed by once-daily oral prednisone in a tapering
dose for a total of 2 or 8 weeks. The rate of treatment failure was higher in the placebo group for the first 90 days (p = 0.04).
Treatment failures included intensification of therapy, readmission for COPD, intubation, or death. During the 6 months of follow-
up, there was no difference in the death rate between the active treatment groups and the placebo group. The length of
hospitalization was longer in the placebo group than in the combined glucocorticoid groups (9.7 vs. 8.5 days; p = 0.03). The FEV,
improved significantly faster (0.10 L by the first day after enrollment) in the patients who received glucocorticoids, but there was
no difference in FEV between active treatment and placebo groups by the end of 2 weeks. Overall, 8 weeks of active treatment
was not better than the 2-week regimen, and the short-term benefits of active therapy were achieved at the cost of a hight rate of
hyperglycemia.

Davies and colleagues® reported the results of their study of 57 patients with severe COPD (mean FEV,, 0.59 L) hospitalized for
COPD exacerbations who were randomized to receive oral prednisone (30 mg/d) or placebo. Through day 5 of the hospital stay,
the FEV, after bronchodilator improved more rapidly and to a greater magnitude in the prednisone group (90 mL vs 30 mL daily; p
=0.039). Hospital stays were shorter (7 vs 9 days; p = 0.027) in the corticosteroid-treated group. The two groups did not differ at
the 6-week follow-up.

Myth 4: Inhaled corticosteroids improve bronchial hyperreactivity
and responsiveness to f-agonists in COPD patients.

Numerous investigations have been conducted to determine the effect of inhaled corticosteroids on bronchial hyperreactivity.">*?

There is uniform agreement that inhaled steroids do not significantly decrease bronchial hyperreactivity as measured by the
provocative dose of histamine causing a 20% fall in FEV,. One study found no decrement in bronchial hyperreactivity despite an
improvement in FEV, resulting from inhaled corticosteroids.”* This is in contradistinction to the beneficial effect of corticosteroids
on bronchial hyperreactivity in asthmatics. Likewise, corticosteroids increase responsiveness to 3-agonists in patients with
asthma.”® Improved responsiveness to $-agonists is not always seen in COPD patients using inhaled corticosteroids.”

Myth 5: All prednisone-responsive COPD patients will maintain
their FEV, when taking inhaled corticosteroids.

Only 25 to 50% of patients with moderate to severe COPD known to be responsive to oral corticosteroids will maintain the
improvement in FEV, when given conventional doses of inhaled agents.”'***>' Weir and coworkers®' found that inhaled
beclomethasone was effective in more than half of their patients responding to oral agents. One hundred seven COPD patients
completed their randomized, double-blind, placebo-controlled, crossover 6-week trial comparing beclomethasone 500 pg inhaled
tid, oral prenisolone 40 mg/d, and placebo. Each regimen was given for 2 weeks. A full response to treatment was defined as a >
20% improvement (compared with baseline) either in absolute values of FEV, or FVC on the final treatment day, or in mean peak
expiratory flow over the last 7 days of treatment. The full response rate was significantly greater with prednisolone than
beclomethasone (36% vs 24%; p < 0.05). Because most studies suggest that the degree of improvement is usually lower with
inhaled agents than with oral agents, an oral steroid trial is useful to identify patients likely to respond to inhaled agents.”'***-*

Because only a minority of COPD patients are steroid-responsive, it is not surprising that inhaled steroids show marginal benefit
compared with placebo when patients with mild to moderate disease are studied without initial identification of steroid
responders.””*?” Kerstjen and associates> found some benefits in this population, although the treatment benefit was greater in
asthma. Six of 17 patients receiving inhaled triamcinolone 800 g/d in an older study by Matlin and associates’ had an FEV,
improvement > 40%, while the greatest improvement in a single patient receiving placebo was 33%. Engle and colleagues®



demonstrated that patients with mild COPD and bronchial hyperreactivity have less cough when taking budesonide but no
improvement in dyspnea or FEV,. However, Auffarth et al”’ showed that dyspnea improved significantly with inhaled budesonide
and FEV, tended to improve compared with placebo in a study of 24 COPD patients with moderate disease and partially reversible
airflow obstruction. Watson et al** and Engle et al*® showed no difference in FEV, between inhaled budesonide and placebo in
patients with mild disease who did not require long-term bronchodilators. The use of extremely high doses of inhaled
beclomethasone (3,000 g/d) resulted in a modest but statistically significant gain in FEV, in the 30 patients with severe COPD
recently reported on by Nishimura and colleagues.” In this well-designed crossover study, the mean prebronchodilator FEV, was
0.97 0.35 L during the placebo period and 1.09 0.38 L during the beclomethasone period (p < 0.001). However, only 5 of 30
patients (17%) in that study had a change in FEV, > 8.5% in response to beclomethasone.

Myth 6: Inhaled corticosteroids will improve the FEV, of COPD patients
who are unresponsive to oral corticosteroids.

The studies noted above show that response to inhaled corticosteroids occurs in up to half of COPD patients who respond to
prednisone, but in only 0 to 15% of patients with unknown responsiveness to prednisone. The response to an inhaled corticosteroid
in patients known to be unresponsive to prednisone was recently investigated by Bourbeau and coworkers.” They found that
inhaled corticosteroids are unlikely to benefit COPD patients who do not respond to oral prednisone. After a 2-week course of
prednisone 40 mg/d, patients in whom the FEV, had not improved by >15% and 200 mL compared with baseline were considered
nonresponders and were included in the study. The 6-month trial, which included 79 stable COPD patients, compared the FEV,
response to budesonide 1,600 ug/day and placebo. The authors found no difference between budesonide and placebo in the number
of responders, defined as > 15% change in FEV, (6 vs 8; p = not significant [NS]), or in the mean change in FEV, (8 mL vs 12 mL,;
p = NS). Although the effect on pulmonary function may not be the only consideration when contemplating the use of an inhaled
agent, an improvement in FEV, should not be expected in patients who do not respond to prednisone.

Myth 7: Inhaled corticosteroids given over a long term significantly lessen the yearly
decline of FEV,.

In 1985, Postma and colleagues™ reported the results of an 18-year retrospective study of 79 COPD patients that showed that
patients with greater cumulative oral corticosteroid use have a lower yearly decline of FEV,. Studies were performed subsequently
to determine if inhaled corticosteroids had a similar beneficial effect. Most of the earlier literature included only relatively short-
term and retrospective studies. The results of these studies are mixed.

In one study of 28 patients with COPD reported by Dompeling and coworkers,” the FEV, was shown to improve during the first 6
months of treatment with inhaled beclomethasone. Unfortunately, the FEV, resumed the pretreatment yearly decline during months
7 to 12 despite continuation of therapy. Results of the International COPD Study Group investigation reported by Paggiaro and
associates™ found a similar early benefit from inhaled corticosteroid treatment. This 6-month investigation of 281 stable COPD
patients who were randomized to receive placebo or fluticasone 1,000 g/d showed a mean improvement of 0.15 L (9.4%; p <
0.001) in favor of fluticasone.

In contrast, the COPD subgroup of patients studied by Kerstjens and colleagues® showed no significant change in FEV, during the
first 6 months of treatment with inhaled beclomethasone, 800 ug, daily compared with placebo. Although their study followed
patients for 2.5 years, the only detailed data presented on the COPD subgroup were from the first 6 months of the study. In a 2-year
prospective study including 58 nonallergic patients with COPD, Renkema and coworkers®’ found there was a nonsignificant trend
toward a lower yearly decline of FEV, when inhaled budesonide 1,600 ug/d or budesonide plus prednisone 5 mg/d was compared
with placebo.

In the past year, the results of three large, parallel-group, placebo-controlled studies were presented at international scientific
meetings (EUROSCOP, ISOLDE, and Copenhagen City Lung Study).”™ These studies showed either no benefit or statistically
nonsignificant reduction of the decline in FEV, after 3 years of inhaled corticosteroid therapy compared with placebo.*® The
EUROSCOP study (European Respiratory Society Study on Chronic Obstructive Pulmonary Disease)* included 1,277 current
smokers with COPD and mild nonreversible obstruction (mean FEV,, 77% predicted). A benefit of inhaled budesonide in FEV,
was seen for the first 6 months only. However, by the end of the 3-year study, there was no significant difference in the yearly



decline in FEV, between the inhaled budesonide group (400 ug bid) and the placebo group (=57 mL/yr vs —69 mL/yr; p = NS).*

The Copenhagen City Heart Study® included 198 patients with mild COPD with < 15% improvement in FEV after either inhaled
terbutaline or a 10- to 12-day trial of prednisone, 37.5 mg daily. Patients were randomized to receive inhaled budesonide or
placebo. Budesonide was given as 800 ug in the morning and 400 ug in the evening for 6 months and 400 ug bid for the following
30 months. After 3 years, no significant effect of budesonide was found on the rate of FEV, decline (42 mL/yr for placebo vs 45
mL/yr for budesonide; p = 0.70). In both groups, symptoms decreased significantly, but there was no difference between the two
groups.

A preliminary report of the ISOLDE study™ described benefits in terms of quality of life, along with a nonsignificant FEV, decline,
with the use of inhaled fluticasone, 1,000 ug daily, in patients with severe COPD (mean FEV, 50% predicted).

Therefore, physicians may see an improvement in FEV, during the first 6 months of treatment with inhaled agents but should not
expect inhaled corticosteroids given over the long term to significantly lessen the yearly decline of FEV,. Improvements in other
outcome measures, including quality of life and number of exacerbations, were noted in a preliminary report of the ISOLDE
study,™ but these were not confirmed in the other large series.”**’

Myth 8: Oral corticosteroid—induced osteoporosis is an infrequent problem in COPD
patients.

Patients with COPD are at increased risk for osteoporosis. Praet and colleagues”' studied 44 men with smoking-related chronic
bronchitis with severe obstruction (FEV,, 40 to 50% predicted). Nineteen were corticosteroid users with a mean cumulative dose of
prednisone of 11 g. The remainder routinely took only bronchodilators. Compared with age- and sex-matched healthy control
subjects, the vertebral bone mineral density measured by dual photon absorptiometry was significantly reduced in the
bronchodilator group (z score, —0.8; p < 0.05) and reduced to an even greater degree in the corticosteroid group (z score, —1.4; p <
0.01). The z score is the number of standard deviations below the mean bone mineral density of age-, sex-, and ethnic-matched
controls. The serum osteocalcin level (a marker of bone formation) was similarly reduced in these two groups compared with
controls. Meeran et al** reported a reduction of serum osteocalcin level in 34 asthma and COPD patients who were receiving long-
term oral prednisone (mean, 10 mg daily) compared with 34 control subjects with asthma and COPD (matched individually for
age, sex, and menopausal status) who were not taking oral corticosteroids (6.3 ng/mL vs 8.6 ng/mL; p < 0.01).

Although symptomatic vertebral compression fractures are easy to identify, physicians often fail to recognize asymptomatic bone
loss and may miss opportunities to prevent the development or worsening of osteoporosis. In one series, more than 50% of patients
receiving long-term oral corticosteroids were not evaluated for osteoporosis.* The National Osteoporosis Foundation recommends
that all patients who receive long-term treatment (> 7.5 mg/d prednisone or equivalent) have bone mineral density determinations
to screen for osteoporosis.** Patients who have a normal bone mineral density (T score, —1 or better) and no fractures should
receive preventive therapy including vitamin D 800 IU/d and adequate dietary or supplemental calcium. Those with osteopenia (T
score, between —1 and —2), osteoporosis (T score, —2 or worse), or osteoporotic fractures should be considered for pharmacologic
therapy in addition to supplemental calcium and vitamin D. Hormonal replacement for postmenopausal women and hypogonadal
men is appropriate. The usefulness of bisphosphonates in corticosteroid-induced osteoporosis appears promising and is currently
under investigation. Calcitonin can be considered in patients who cannot tolerate bisphosphonates. However, no treatment is
currently approved by the US Food and Drug Administration for prevention or treatment of corticosteroid-induced osteoporosis.

Myth 9: Inhaled corticosteroids do not cause bone loss.

COPD patients, especially those treated with corticosteroids, have an extremely high prevalence of vertebral fractures. McEvoy
and colleagues® evaluated the prevalence of vertebral fractures among 312 men with smoking-related COPD. The typical subject
was 68 years old, with a 60- to 70-pack-year history of smoking and moderate obstruction (FEV, 1.5 L or 60% predicted). At least
one radiographic fracture was seen in 49% of patients who had never used corticosteroids, in 57% of inhaled steroid users, and in
63% of systemic steroid users. Thoracic fractures were three times as common as lumbar fractures. An increasing dose and
duration of corticosteroid use were associated with a greater number and severity of fractures.



Meeran and colleagues* examined the short-term effects of inhaled corticosteroids on osteocalcin levels (a marker of bone
formation) in healthy volunteers. The osteocalcin level was significantly reduced in subjects receiving a 7-day course of inhaled
beclomethasone 500 ug bid compared with levels in control subjects (9.6 ng/mL vs 11.8 ng/mL; p < 0.001). A considerably greater
amount of information is available concerning the osteoporosis effects of inhaled corticosteroids in asthmatics. In that population,
studies have yielded somewhat conflicting results. In general, lower doses of inhaled agents (< 1,000 ng/d beclomethasone, <
1,000 ug/d budesonide, < 750 ug/d fluticasone, and < 1,000 ug/d flunisolide) do not appear to cause significant bone loss. No long-
term information on triamcinolone is available. Doses of inhaled agents higher than those noted above may be of concern.
Considering that both inhaled corticosteroid therapy and the diagnosis of COPD are risk factors for bone loss, it would be
reasonable to screen for osteoporosis in those patients who are receiving long-term, high doses of inhaled corticosteroids.
Osteoporosis becomes a concern with daily doses in the range of 1,000 ug/d and higher. However, as noted earlier, inhaled
corticosteroids do not improve FEV, in most patients with COPD and so their use in this condition should be carefully considered.

Conclusions

The usefulness of corticosteroids in the treatment of COPD is limited to only a few clinical settings. Systemic corticosteroids may
hasten the resolution of a COPD exacerbation, but few patients in stable condition derive an objective improvement in FEV, from
corticosteroids. Although inhaled corticosteroids are safer, they do not lessen the yearly decline of FEV, and are ineffective in
patients who are unresponsive to oral corticosteroids. The increased use of inhaled corticosteroids for treatment of COPD is not
warranted based on available current information.

I have the following recommendations for the use of corticosteroids in COPD patients:

1. Perform a 2-week trial of prednisone to test for an objective improvement in FEV, prior to long-term
prednisone treatment of stable COPD patients.

2. Consider using corticosteroids to treat COPD exacerbations but limit the tapering period to 2 weeks.

Do not expect long-term inhaled corticosteroids to lessen the yearly decline in FEV.

4. Screen for osteoporosis in those COPD patients receiving systemic or high-dose inhaled
corticosteroids.

het
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esson 21, Volume 14— Endoscopic Options in the Management of Major
irway Obstruction

F. D. Sheski, MD, and P. N. Mathur, MBBS, FCCP

yectives
1. Outline the clinical findings of patients with major airway obstruction.
2. Determine the clinical indication, use, and safety of endobronchial Nd-YAG laser.
3. Discern the clinical indication, use, and safety of endobronchial cryotherapy.
4. Describe the clinical indication, use, and safety of endobronchial electrocautery.
5. Distinguish the clinical indication, use, and safety of endobronchial brachytherapy.
6. Characterize the clinical indication, use, and safety of airway stents.

'y words

way stent; brachytherapy; bronchoscopy; cryotherapy; electrocautery; interventional bronchoscopy; Nd-YAG laser

wbreviations

)R = high dose rate; LDR = low dose rate

Introduction

enign or malignant tracheobronchial obstruction may lead to acute respiratory distress or even asphyxia and death. Endobronchial obstruction may

sent as an endobronchial lesion, an extraluminal obstruction, or sometimes a combined endobronchial and extraluminal blockage. If curative
ection of such obstructions is not possible, various effective endoscopic methods for palliation are now available, such as Nd-YAG laser therapy,
ich is the standard procedure, especially for the patient in respiratory distress, along with cryotherapy, electrocautery, and brachytherapy. For
raluminal lesions, palliation is possible with such techniques as bronchoscopic or balloon dilatation, stent placement, and external beam radiation.

ients with a tracheobronchial lesion usually present with dyspnea, cough, chest discomfort, hemoptysis, stridor, or a localized wheeze. The
ient's history may include a diagnosis of cancer, aspiration of a foreign body, prior airway surgery or intubation, recurrent pneumonia, or other
lerlying disease involving the airways, such as sarcoidosis or tuberculosis.

hough a tracheobronchial lesion may be detected on chest radiography or CT scan, direct airway visualization with bronchoscopy is often needed
lefine the extent of the lesion and, if appropriate, to treat it (eg, removing a foreign body or using a laser to resect a tracheal tumor). When

atment is not emergent, therapy may be determined by the histology of the obstructing lesion, appropriate curative therapy, properties of the lesion
-way location, complete or partial obstruction, extrinsic compression, stenosis, malacia), patient tolerance and acceptance, and availability of
yropriate equipment and experienced operators.

is lesson focuses on Nd-YAG laser, cryotherapy, electrocautery, and brachytherapy as local treatments for intraluminal tracheobronchial lesions



g 1), using rigid or flexible bronchoscopy as the means to deliver the therapy. For each therapy, the background, theoretical and scientific basis,
ications and patient selection, equipment and technique, results, and complications are described. In addition, the use of various forms of airway
nts to relieve extraluminal tracheobronchial obstruction is also addressed (Fig 2).

wure 1. Endobronchial lesion.




sure 2. Extrinsic compression.

Nd-YAG Laser

ickground

ing theories proposed on radiant energy in 1917,' Schawtow and Townes® formulated the hypothesis of laser light, with the subsequent
relopment of a ruby laser reported by Maimon in 1960. Since then, the use of laser technology has become omnipresent in our daily lives.
scination with the use of lasers in the medical community, especially in the pulmonary and surgical subspecialties, has paralleled this amazing
wth.

ser technology makes use of the power of radiant energy and properties of light amplification. Laser is an acronym for "light amplified by the
nulated emission of radiation." For the emission of light to occur, an adequate population of excited electrons must be developed, with the
»sequent release of photons. This phenomenon is termed population inversion and it requires an outside energy source to excite a designated
dium. Almost any solid, liquid, or gas may act as a medium, and placement of the medium in a chamber with mirrors at either end further
ilitates population inversion. The effectiveness of laser light—as opposed to naturally occurring light—involves th three important properties:
velength, spatial coherence, and temporal coherence.”

turally occurring light comprises light of varying wavelengths, whereas the laser light contains only one color or narrow band of wavelengths.
atial coherence is achieved in the laser because laser light diverts only minimally from its source, thereby maintaining its intensity. For temporal



1erence, the packets of produced energy travel in uniform time with equal alignment. These three characteristics pertain whether the medium is a
id, a gas, or a liquid.

e amount of energy delivered to a lesion depends on the power setting of the laser (expressed in watts), the distance from the laser tip to the target,
1 the duration of impact.’ Light directed at a surface may be reflected, scattered, transmitted, or absorbed.* Therefore, the depth of penetration
sends not only on the properties of the light, but also on the inherent properties of the tissue. The characteristics of the light produced also depend
the medium used. The two lasers most commonly used in interventional bronchology are CO, and Nd-YAG lasers.

the CO,, laser light is produced in the infrared spectrum at a wavelength of 10,600 nm. The CO, laser has an exact interaction with soft tissue

ing to its almost complete absorption by most tissues. When the laser contacts the tissue, the water content is raised to temperatures of 100°C with
ysequent vaporization. The CO, laser can be used as a precise cutting tool, with only minimal blood loss owing to a relatively shallow depth of
ietration.

e most widely used laser for tracheobronchial lesions is the Nd-YAG laser, whose light is produced by the stimulation of an yttrium-aluminum-
net glass coated with neodymium. The Nd-YAG laser light has a wavelength of 1,064 nm and is easily transmitted through pale tissues, with
able scatter and a potential penetration of 5 to 10 mm from the focal point.

iuipment, Personnel, and Training

e CO, laser, owing to its long wavelength, requires an articulating arm and series of mirrors. Therefore, CO, laser therapy is most commonly used
‘he management of laryngeal or tracheal lesions involving the area about the glottic opening. In contrast, the Nd-YAG lasers can be used in either
xible or rigid bronchoscopy. In a survey of the uses of bronchoscopy in North America, only 98 of 871 respondents (11.3%) used laser
mnchoscopy.® Bronchoscopic laser techniques are still not routinely taught to all pulmonary fellows.

wmtraindications

ser therapy of the tracheobronchial tree may be contraindicated because of the location of the lesion in relation to contiguous anatomy and the
ociated clinical condition of the patient (Table 1). Anatomic contraindications are relevant when the depth of injury causes destruction of tissue
narcating the boundaries between the target and such associated structures as the esophageal lumen, mediastinum, and vascular structures. Clinica
itraindications are relevant in patients who may not tolerate conscious or general anesthesia because of severe cardiac or pulmonary disease, or

o have an uncorrectable coagulopathy. In addition, those in whom atelectasis distal to the obstruction has been present for more than 6 weeks will
ibably not benefit from endoscopic laser resection because reexpansion of the involved lung is unlikely.

Table 1—Contraindications for Laser Therapy, Cryotherapy, and Electrocautery
Anatomic Contraindications

Extrinsic obstruction without endobronchial lesion

Lesion incursion into bordering major vascular structure (eg, pulmonary artery) with potential for fistula formation
Lesion incursion into bordering esophagus with potential for fistula formation

Lesion incursion into bordering mediastinum with potential for fistula formation

Clinical Contraindications

Candidate for surgical resection

Unfavorable short-term prognosis without hope for palliation of symptoms
Inability to undergo conscious sedation or general anesthesia

Presence of coagulation disorder

Total obstruction for >4 to 6 weeks



ymplications

mplications of laser photoablation are related to the laser equipment or instruments, the anesthesia used, and perioperative causes. However,
ipite the possibility of severe, often fatal, complications, the overall risk is low in trained hands. One series reported only 60 complications and 12
iths associated with Nd-YAG laser therapy in 2,610 resections.’

ruipment or Instrument Complications

mplications associated with the laser equipment may be caused by variation in the power setting, the mode, the setting, and the use of continuous
intermittent pulse delivery. A known complication of laser light is retinal damage; therefore, the laser must be in the standby mode when not
erted in the bronchoscope and aimed at the target.

1esthesia

lmonary complications of the anesthesia for laser therapy may be related to anoxia, hypercarbia, or fire. Patients selected for endobronchial

rapy likely have compromised ventilation, which may be exacerbated by the insertion of the flexible bronchoscope or other equipment into the
way. Increased obstruction may also occur from hemorrhage or debris. Monitoring should be by continuous-pulse oximetry; however, hypercapnia
1 acidosis have also been reported in association with a reduction in PaO, in up to 93% of patients after endoscopic procedures.

yotential catastrophic intraoperative complication of laser therapy is endotracheal fire. Although the use of combustible anesthetic gases must be

rided, the use of supplemental oxygen is part of nearly all bronchoscopic procedures and the fraction of inspired oxygen should be < 40%.

hough the metal rigid bronchoscope cannot catch fire, the use of the Nd-YAG laser through an endotracheal tube deserves special consideration.

cause of the oxygen mixture, the possible additional fuel source provided by an endotracheal tube, and the potential for producing sparks when the
er light hits carbonized tissue, endotracheal fire is a serious concern. Intratracheal explosion is an immediate danger to the patient and operating
m personnel, with the anesthetic gases or oxygen producing a "torch effect" with ignition of the endotracheal tube. Complications may result from
subsequent lower airway inhalation injury, with mucosal sloughing and airway obstruction caused by granulation tissue.

rioperative Complications

& most common perioperative complications occur with the perforation of an underlying or contiguous structure. Fatal hemorrhage is associated

h perforation into an involved or contiguous vascular structure and requires careful preoperative assessment. Apart from creating a fistula into the
2ry, resulting in massive hemorrhage, perforation may also occur into adjacent structures with development of pneumothorax,

:umomediastinum, and tracheoesophageal fistula. In addition, pathologic changes may lead to distortion of usual relationships or appearance with
»sequent laser application to vital structures. Systemic air embolism has been reported and is associated with the development of vascular
nmunication with the tracheobronchial tree.

dications, Qutcome, and Combined Modality Therapy

mser and Beamis® provided an extensive report on the basic indications for endobronchial laser therapy. The indications depend on the anatomic
wracteristics of the obstructing lesion and the clinical conditions outlined in Table 2.

Table 2—Indications for Laser Therapy, Cryotherapy, and Electrocautery

Benign or malignant airway lesion associated with dyspnea, uncontrolled cough, impending asphyxiation, stridor
Inability to wean from ventilator because of obstruction



Recurrent hemoptysis
Closure of bronchopleural fistula unresponsive to conventional therapy

nign and malignant airway endobronchial lesions causing symptomatic or obstructive complications may benefit from endoscopic laser
storesection.”'* Laser photoablation of tracheal stenosis or stricture of multiple causes has been extensively documented. CO, laser for subglottic

1 tracheal stenosis has been reported to be successful in 77% and 57% of treated patients respectively. Decannulation is possible in some patients.
ser therapy has also been performed for stenosis related to prolonged intubation," stricture produced by inflammatory granulation tissue caused by
cobacterial infection of anastomotic granulation tissue following lung transplantation,' suture granuloma,'” and systemic inflammatory conditions
ised by collagen vascular diseases such as Wegener's granulomatosis, Behet's syndrome, and relapsing polychondritis.'' Endobronchial laser
rapy also has been seen in patients with symptomatic obstruction secondary to broncholithiasis.”

nign or low-grade tumors such as hamartomas, spindle cell carcinomas, endobronchial Kaposi's sarcomas, and diffuse papillomatosis have also
iefited from Nd-YAG laser photoablation. Shah et al*' reported a large series of benign tumor resections of the tracheobronchial tree in 1995. In

185 patients with benign tumors, 317 procedures were performed; the results of laser resection were thought to be very good in 62% and good in
70, with minimal complications.

1er larger series have documented operator and institution experience with benign and malignant disease at multiple sites in the airway. In an early
»erience with benign and malignant lesions, Toty and colleagues'” were able to restore adequate respiratory function in 16 of 24 patients presenting
icute respiratory distress with recently detected tracheal carcinoma. Seventeen of 48 patients with recurrent carcinoma received palliation from
lobronchial therapy; nine of these patients were alive one year later and eight lived for 6 months. Hetzel and colleagues™ reported their experience
100 patients referred for palliative treatment of tracheobronchial malignancy. They noted objective improvement in the peak flow and alleviation
nemoptysis in 63% of patients with airway obstruction and 29% of those a with collapsed lung. These investigators concluded that laser
>toablation made a significant contribution to the management of tracheobronchial tumors.

vale and colleagues'” reviewed their experience from 1982 to 1984 at Henry Ford Hospital. During this period, 55 patients received 82 treatments
h laser therapy for obstructing lesions of the central airways; 10 patients had benign lesions obstructing the subglottic larynx or trachea, and 45

1 primary bronchogenic carcinoma or recurrent carcinoma of the lobar or mainstem bronchus or trachea. In six patients with malignancies,
rometry demonstrated postoperative improvements of 66% in the FEV, and 83% in FVC. After an initial 18-month experience, the authors
1cluded that Nd-YAG laser therapy was successful in relieving central airway obstruction, alleviating dyspnea and allowing drainage of affected
as of the lung. Therapy also improved ventilation in some patients and may prolong life. In 1986, Eichenhorn and colleagues’ performed Nd-YAG
er photoablation in 19 patients with inoperable non-small cell carcinoma and major symptomatic bronchial obstruction, with the goal of debulking
airways before conventional external-beam radiation therapy. The study was limited to subjects with nearly complete exophytic obstruction of

> major bronchus. Five of the successfully treated patients died in < 3 months. However, the survival rate for the entire treated group was greater
n that of historical controls receiving radiation therapy alone. Patients with satisfactory debulking and subsequent radiation therapy had a
nificantly better outcome (mean survival, 340 days vs < 100 days; p < 0.006) than those with unsatisfactory laser photoresection.

sai and colleagues™ also reported their experience treating 47 consecutive patients with inoperable primary bronchogenic carcinoma who
lerwent Nd-YAG photoresection between 1983 and 1986. The primary goal of this study was palliation, and laser therapy immediately relived
structive symptoms in all patients. There was also a trend toward increased survival in patients who also underwent endobronchial radiation
rapy. A significant increase in survival was noted in the subset of 15 patients who underwent emergency palliative photoresection as the initial
rapeutic intervention compared with the subset of 11 patients who received palliative radiation alone.

‘he review of laser bronchoscopy by Ramser and Beamis,® 85% of 100 patients had relief of symptoms and achieved preoperative goals. Of these
icedures, 87% were performed for lesions in mainstem bronchi, with no fatalities reported and an overall complication rate of 6.5%. Individuals

h rare tumors of the tracheobronchial system have also been noted to benefit from laser resection. Although comparisons using survival as an
Ipoint have dealt largely with historical control groups, the palliation of symptoms and the ability to remove some patients from mechanical
itilation documents the efficacy of laser therapy. Combination therapy with concurrent or sequential interventions such as laser, stent placement,
chytherapy, and more conventional adjuvant treatments continues to be explored. Mehta and coworkers® reviewed the use of lasers with the

xible bronchoscope; one group underwent a combination of Nd-YAG photoresection with subsequent external-beam radiation therapy or external-
im radiation therapy plus brachytherapy. Although the number of such patients was small (17 of 300), the survival rate was significantly greater

n that of historical controls treated with radiation therapy alone (p = 0.022). Cavaliere and colleagues’ also supplemented their prior extensive case
ies with the report of their 13-year experience in treating 2,008 patients with malignant airway obstructions using combined therapy with Nd:YAG



er, stents, and brachytherapy. In patients treated with laser resection, 93% achieved immediate airway patency and consequent improvement in the
lity of life.

immary

srimary goal of laser therapy is the safe, effective, and rapid palliation of symptoms stemming from tracheal or bronchial obstruction. As noted by
mser and Beamis,® patient survival may not be the proper evaluative endpoint of the efficacy of therapy, which is meant to be palliative for

lignant causes. Laser therapy has proved to be beneficial in the therapy of benign and malignant obstructive lesions of the airway. Although future
dies should examine survival prospectively, current evidence firmly supports the use of laser therapy to provide palliative and potentially curative
e to our patients with lung disease.

Cryotherapy

ickground

cuments from 3300 BCE describe the use of cold as treatment for swelling and war wounds.” James Arnott was the first physician to use cold for
treatment of malignancy, publishing results involving uterine carcinoma in 1845. The first case report of endobronchial cryotherapy, by Gage in
58, involved a patient who had a carcinoma obstructing a bronchus, resulting in a postobstructive pneumonia.”® In 1975, Sanderson et al*’ reported
eries of 28 patients, most of whom had failed to respond to conventional treatment for non-small cell lung carcinoma. In > 50 % of these patients,
nptoms were alleviated and tumor burden was decreased. Since the introduction of laser therapy, most of the work with endobronchial cryotherapy
s occurred outside the United States.”®*> However, in 1994, a flexible cryoprobe for use with the flexible bronchoscope was introduced in the

ited States, renewing interest in endobronchial cryotherapy. In 1996, Mathur and colleagues®® described the use of this technique in 22 patients

h airway obstruction, mainly due to malignancy. Symptoms were alleviated in 17 patients by removal of the tumor and restoration of airway
ency.

teoretical and Scientific Basis

e goal of cryotherapy is to destroy diseased tissue but spare normal tissue. Several investigators have shown that the temperature needed to destroy
sue destruction is between —15°C and — 40°C. Other factors that affect destruction include the rates of freezing and thawing, the number of freeze-
w cycles, the length of freezing time, and the mass of tissue frozen. Mazur’’ demonstrated that the cycle of rapid freezing and slow warming

ults in maximum cell death. Repeating the cycle increases the amount of destruction. Sufficient time to reach and to sustain the critical

1perature is required. A large contact area between the cryoprobe and the tissue increases the tissue mass exposed to freezing.

e effect of cryotherapy is a consequence of various cellular mechanisms. Intracellular dehydration. leading to cell membrane disruption. occurs

en extracellular ice crystals form, causing an increased extracellular tonicity. Water is thus drawn from the intracellular to the extracellular space,
1sing increased intracellular tonicity, cell shrinkage, and membrane damage. Mechanical cellular damage from ice crystals occurs with rapid

ezing and slows warming; intracellular ice crystals have been shown to damage various organelles, such as mitochondria and endoplasmic reticula
s0, freezing affects the intracellular ionic strength and pH, resulting in protein and enzyme damage. Lastly, freezing has been shown to cause
soconstriction and the formation of microthrombi, primarily in the venules and capillaries, an effect that results in devascularization and

»sequent cell death. This property may explain the success of cryotherapy in controlling hemoptysis.

rtain tissues are cryosensitive, whereas others are cryoresistant (Table 3). This may partially explain why some lesions respond to cryotherapy and
y some complications, such as malacia, do not occur. Experimental evidence suggests that solid lung tumors may be more cryosensitive than

‘mal lung tissue. Several investigators have used dog models to study the affects of cryotherapy on tracheal and bronchial mucosa. In general,

se studies have shown that the microscopic epithelial and cartilaginous changes resolve over 4 to 6 weeks, but the airway mucosa appears normal
croscopically by 2 weeks. No stenoses, malacia, or airway perforations occurred, supporting the safety of cryotherapy in the airway. Finally, the
ects of cryotherapy on the immune system (ie, any tumoricidal effects separate from direct injury) are not well elucidated. Some studies involving
istate carcinoma or melanoma showed increased numbers of activated peripheral blood lymphocytes, whereas others have shown the resolution of
tastases when cryotherapy was applied to the primary tumor.



Table 3—Cryosensitive and Cryoresistant Tissues

Cryosensitive Cryoresistant
Skin Fat
Mucous membrane Cartilage
Nerve Nerve sheath
Endothelium Connective tissue
Granulation tissue Fibrosis

dications and Patient Selection

yotherapy may be indicated if symptoms and signs are caused by an endobronchial lesion, if a histologic examination shows a lesion that is not
enable to curative therapy, and if the lesion is accessible to the cryoprobe through the endoscope. In addition, the patient must be able and willing
indergo bronchoscopy. If the case of impending respiratory failure caused by an obstructing tumor or a stenosis, surgery, laser therapy, stent
cement, or a combination of modalities is possible because cryotherapy is often ineffective in removing tissue rapidly.

sions that are polypoid, are short in length, have a large endobronchial component, allow some visibility beyond the lesion, and have functioning
g distally are prime candidates for cryotherapy. Long tapering lesions or those with extensive submucosal involvement are unfavorable. Similarly,
Xtrinsic airway compression is the cause of the problem, then an alternative treatment must be considered.

e role of cryotherapy in carcinoma in situ, dysplasia, or other premalignant states of bronchogenic carcinoma is under investigation. A European
Iticenter study is in progress, but no results have yet been published. Cryotherapy also can be used in the following situations: to remove foreign
lies, mucus plugs, and blood clots; to treat granulation tissue or stenoses alone or with other adjunctive therapy (balloon dilation, stent placement);
1 to treat benign airway tumors.

iuipment and Technique

e cryogen (or coolant) must be able to lower the tissue temperature to between —15°C and —40°C to effect cell death. Liquid material is used so that
vaporization, heat is removed and the probe/tissue is cooled (Joule-Thompson effect). Cryogenic material is usually stored under pressure in
inders. The saturation temperature at atmospheric pressure is the temperature of interest. The cryogen passes through the probe, cooling the metal
Nitrous oxide and liquid nitrogen are most commonly used. Nitrous oxide is effective (saturation temperature -89°C), inexpensive, and available.
e selection of the cryoprobe depends on whether rigid bronchoscopy or fiberoptic bronchoscopy is used. Rigid bronchoscopy seems to be the
ferred method in Europe. A flexible probe and a semi-rigid probe for use with the flexible bronchoscope are now available in the United States.
rous oxide cools the probe tip to approximately —89°C. The temperature increases approximately 10°C per millimeter from the tip; therefore, the
ective killing zone is approximately 5 to 8 mm. A flexible bronchoscope with a working channel diameter greater than the diameter of the probe is
:ded (the diameter of the flexible probe diameter is 2.2 mm, and that of the semirigid is 2.6 mm). The probe is attached to a console that regulates
coolant flow. After the airway is anesthetized, the patient is sedated (usually with a narcotic and a benzodiazepine), and the airway is intubated;
tracheobronchial tree then is inspected, and the lesion is localized.

e cryoprobe is passed through the working channel until the tip protrudes from the bronchoscope approximately 2 cm, thus minimizing the risk of
ezing the scope. Under direct visualization, the operator applies the tip of the probe to the lesion perpendicularly or tangentially; by activating a

it pedal, the operator begins the freezing process. An ice ball forms within 10 to 15 s. A freezing time of 30 to 60 s and multiple freeze-thaw cycles
applied. The probe then can be retracted or removed. Additionally, forceps can be used to remove tissue and debris. Suctioning of blood or
retions may be necessary between applications. When an optimal amount of tissue or foreign body is removed, or if the patient becomes unstable,
procedure is terminated. The process may be repeated, if needed, in 1 to 2 weeks. Adjunctive treatment can be performed simultaneously.

ittcomes



most reports, endobronchial cryotherapy is used for palliation of either primary or metastatic malignancy. The reports on cryotherapy for benign
cheobronchial lesions and in documentation of objective improvement are limited.

iwand and Homasson reported a series of 600 patients, most of whom had squamous cell carcinoma of the lung. Approximately one third of
vjects received cryotherapy as either the initial or the only treatment. They reported a 78% subjective improvement in patient conditions. Walsh

1 associates™ evaluated 33 patients undergoing cryotherapy and reported improvement in respiratory function. Mathur and colleagues® stated that
tumors could be removed in 18 of 20 patients, and that 12 of 17 patients with dyspnea and all five patients with hemoptysis had clinical
srovement. There are too few cases on which to base unequivocal conclusions; however, cryotherapy seemed to be successful in cases of

nulation tissue, carcinoid tumors, and cylindromas. Cryotherapy can be used to extract foreign bodies as well as blood clots and mucus plugs.

stly, cryotherapy may be used in combination with other modalities. Vergon and colleagues™ reported improved survival in patients who

ponded to cryotherapy before external-beam radiation therapy, compared with those who did not respond (improvement was defined > 50% tumor
struction with cryotherapy).

ymplications

mplications caused by endobronchial cryotherapy are few and relatively minor. Maiwand and Homasson® reported one death from

diorespiratory failure in 600 cases, the death occurring 5 h after the procedure. Vergnon and colleagues® reported one death from catastrophic
noptysis within 8 days of tumor cryotherapy. Mathur et al*® reported one cardiopulmonary arrest, although the patient survived the episode and lef
hospital. Maiwand and Homasson™ reported two cases of tracheoesophageal fistulas, one of which occurred in a patient had also undergone
wdiation. Rare episodes of pneumothorax, atrial fibrillation, bronchospasm, spillage from a postobstruction pneumonia, aggravation of cold-
rlutinin anemia, mild fever, and bradycardia have also been reported.

'immary

dobronchial cryotherapy seems to be a relatively effective palliative treatment for endobronchial obstruction caused by malignancy. More
estigations of this treatment for benign lesions and in combination with other modalities need to be completed.

Electrocautery

ickground

:ctrocautery uses an electric current to produce heat and destroy tissue. Electrosurgery, electrotherapy, electrofulguration, electrodesiccation,
ctrocoagulation, electrosection, and surgical diathermy are other terms appearing in the literature.

auss and colleagues™ used electrocautery to treat gastrointestinal tumors in 1913, reporting their experience on over 40 cases in 1935. The initial
ort on electrocautery for tracheobronchial tumors described the basic concept and technique, using no. 23 music wire wrapped in a rubber tube as
probe and applying therapy through a rigid bronchoscope. Most of these cases involved malignancy and most patients were symptomatic.

:ctrocautery was often used in palliation and sometimes as initial tumor treatment. Treatment-related burns, shocks, strictures, and perforations
lited its use until better equipment was developed. Recent investigations have been done primarily in Europe and have involved rigid

mchoscopy. Until recently, only electrocautery using rigid bronchoscopy was available in the United States, but an insulated flexible bronchoscope
h electrocautery accessories is now available (Olympus America, Inc.; Melville, NY).

teoretical and Scientific Basis

:ctrocautery uses alternating current at a high frequency (105 to 107 Hz) to generate heat that coagulates, vaporizes, or cuts tissue, depending on
power employed. The power applied to the electrocautery device (measured in watts) corresponds to the heat generated in the tissue, as related by
equation, power = (current)” x resistance. Tissue resistance to the current generates the heat, and the resistance depends on the moisture and

icularity of the tissue. Low-frequency current (< 105 Hz) stimulates nerve and muscle, and thus should be avoided. Coagulation involves high

perage and low voltage, whereas vaporization uses high voltage and low amperage. Cutting tissue with the ability to coagulate blends these two
tings. Tissue coagulates at approximately 70°C and carbonizes above 200°C. The degree of destruction depends on the applied power, the electrica



iperties of the tissue, the device-tissue contact time, and the device-tissue contact surface area. Unlike cryotherapy, electrocautery causes greater
sue damage with a small contact area, which allows the current to be concentrated. When the device is in direct contact with the tissue, superficial
igulation occurs. If the probe is removed from contact and a higher power setting is chosen, an arc from the device to the tissue ensues, causing
sper coagulation.

1en tissue is heated sufficiently, cellular water evaporates, thereby destroying the cell and then the tissue. Heating to higher temperatures leads to
:mical breakdown of the cell and tissue constituents, and eventual vaporization and carbonization. Most available electrocautery devices are
nopolar; ie, they require the bronchoscope, the generator, and the patient to be grounded to complete the circuit or otherwise shocks and burns

y occur. The bronchoscope should be insulated. The generator, if it is not grounded, should at least have an isolated power output to minimize
rent leakage and possible injury. Bipolar devices limit the risks, but these devices are not available for use with the flexible bronchoscope in the
ited States.

dications

¢ indications for electrocautery are similar to those for cryotherapy and the Nd-YAG laser.*”*' Like cryotherapy, electrocautery is usually a

liative treatment in patients with malignancy. Its role in bronchogenic dysplasia or carcinoma in situ has yet to be defined. In some benign lesions,
nay be the only treatment necessary. The patient must be medically able and willing to undergo this procedure; the lesion must be accessible, and ¢
ze endobronchial component should be present. Unlike cryotherapy, electrocautery can effect rapid debulking of tumor in some cases, and it may
a reasonable modality to relieve impending respiratory failure if laser therapy or surgery is unavailable or inappropriate. Lastly, unlike

otherapy, electrocautery is not used to remove foreign bodies, mucous plugs, or blood clots.

iuipment and Technique

ulated flexible bronchoscopes with working channels of 2.0 or 2.6 mm are now available in the United States. Additionally, an electrocautery
nt-tip probe (1.9-mm diameter) and snare (1.8-mm diameter) are available and compatible with the flexible bronchoscopes. The generator should
ulate the high-frequency current, so that operator can adjust the setting depending on whether the procedure is intended to coagulate, cut, cut and
igulate, or vaporize. If a monopolar unit is used, the patient must be grounded with an electrode pad, which is placed close to the expected site of
ctrocautery, thus concentrating current for maximal effect. Also, the patient must not contact any metal while undergoing electrocautery.
:operative patient evaluation and patient monitoring procedures are the same as those for fiberoptic bronchoscopy. If rigid bronchoscopy is used,
1eral anesthesia is necessary and, as with fiberoptic bronchoscopy, the procedure is similar to that for cryotherapy. Either oral or nasal intubation
1 be done, but use of an endotracheal tube is recommended.

ier the patient has been intubated and the lesion located, the operator can use either a closed forceps or the blunt electrocautery probe to manipulate
lesion; to assess its size, mobility, friability, and bleeding potential; and to locate any attachment to the airway. Elongated or flat lesions may be
ted for the blunt probe, whereas polypoid lesions may be amenable to the snare. To apply the probe without an arc, the probe is placed into contact
h the tissue so that blanching occurs; the generator then is activated. To create a probe-tissue arc for deeper coagulation, the probe is held a few
limeters above the tissue, a higher power level is selected, and the unit is activated. Vaporization of tissue may require still higher power settings.
e snare is used to cut and remove tissue, and a blended current is used to cut and coagulate but not vaporize. With the loop open, the snare is

ced over the tissue as close to the base as possible. As the loop is tightened, a snug feeling is felt in the handgrip, which controls the snare. At this
nt, the unit is activated and the loop is slowly tightened. In this fashion, the heat (not the mechanical effect of the wire) cuts and coagulates the
sue. When the procedure is complete, the snugness is gone and the loop is retracted into the catheter. The severed tissue can be removed with the
wre or forceps. The patient will expectorate smaller debris. Table 4 lists suggested power settings for electrocautery devices.

Table 4—Suggested Power Settings for Electrocautery

Treatment Mode Power Setting (W)

Polypectomy Cut or blend O

e Diameter<S5Smm O 10 to 20



* Diameter > 5 mm 0O 15 to 30

Cauterization Cut or blend | 10 to 30

Coagulation for hemostasis  Coagulation | 10 to 20

celatively new device, the argon plasma coagulator, is available for electrocautery coagulation. No tissue-probe contact occurs. Ionized argon gas
ves as the current conductor between the probe and the tissue. The preliminary indication, based on case reports of use in the tracheobronchial

2, is similar to that of electrocautery; however, there has been no large series reported. Several personal communications have found the argon
sma coagulator to be an outstanding coagulation probe; however, it is not as efficient in removing endobronchial tumor as electrocautery or the
-YAG laser. The depth of penetration is approximately 5 mm. It has been reported that approximately five patients have had temporary neurologic
sairment caused by air embolism after argon plasma coagulation (Lutz Frietag, MD; personal communication; September 1997).

ittcomes

1 study of 56 patients, Homasson™ stated that hemoptysis was controlled in 75% of the cases, that dyspnea was alleviated in 67%, and that cough
stridor was relieved in 55%. Petrou and colleagues* reported that 28 of 29 patients had symptomatic improvement after removal of a lesion with a
re. Sutedja et al*’ reported that 15 of 17 treated patients had immediate restoration of a patent airway (defined as > 75% of the normal airway), 8

1 relief of dyspnea, and 4 had control of hemoptysis. Most series**° involve predominantly malignancies, and success is defined as removing >

%o of the tumor; success rates of 70% to 95% have been reported.

ymplications

‘0 endobronchial fires have been reported during the electrocautery procedure’’; both were associated with high inspired oxygen concentrations,
11in one a silicone stent ignited. Several investigators have reported hemorrhage, in most cases minor. One death secondary to hemorrhage
:urred. Operator and patient burns and electrical shocks are mentioned frequently as possible complications; however, published data are scant.
other concern involves the use of electrocautery in a patient with a pacemaker or an automatic implantable defibrillator, because the devices may
Ifunction and cause a dysrhythmia. When used in animal models, electrocautery has been associated with airway stenosis, and cartilage damage
1 occur.” This cartilage damage can lead to bronchomalacia.

immary

:e cryotherapy, electrocautery seems to be an effective palliation treatment for an endobronchial lesion. It may be a cheaper alternative to laser
rapy. With a grounded, flexible bronchoscope and accessories now available in the United States, use of this technique may increase.
mplications seem to be limited in number and severity.

Brachytherapy

ickground

dobronchial radiation therapy using an implanted source of ionizing radiation (brachytherapy) was first used in the 1920s. Yankauer’ reported the
dlantation of radium into an endobronchial tumor using a bronchoscope and use of radium in capsules attached to a string that exited through the
uth. Most patients who underwent this therapy required general anesthesia and either bronchoscopy or thoracotomy for direct implantation. In

54, Henschke et al** developed the remote afterloading device, thereby reducing radiation exposure to the health-care staff. Almost 20 years later,
use of the flexible bronchoscope and the polyethylene catheter, which holds the radioactive material for brachytherapy, was described.*’
lium-192, the current radiation source, was also first described at this same time.*

the mid-1980s publications distinguishing low-dose-rate (LDR) from high-dose-rate (HDR) brachytherapy appeared. In 1985, Schray and
ociates’"* reported on LDR, whereas Seagren™ published on HDR. LDR brachytherapy is usually defined as < 2 Gy/h and a total dose between



00 and 5,000 Gy, given over 3 days. HDR involves > 10 Gy/h, in which the total dose and the dose per session (fraction) varies. Fractions have
ied anywhere from 300 to 1,000 Gy, and total dose from 500 to 4,000 Gy. Most recent studies have described brachytherapy combined with either
ernal-beam radiation therapy or laser therapy. The technique is frequently applied for palliation and occasionally for cure.

chniques and Dosage

1id bronchoscopy was initially used for permanent interstitial implantation of a low-energy of ionizing radiation source. This method has been
yplanted by intraluminal brachytherapy, which uses fiberoptic bronchoscopy for the placement of an afterloading polyethylene catheter adjacent to
tumor. The placement of the catheter is verified by bronchoscopy and radiography of the chest. The catheter can be loaded with the radiation

irce manually or with a remote afterloader. The dose rate of brachytherapy depends on the radioactivity of the radionuclide used. LDR
chytherapy, which was commonly used in the early years of endobronchial brachytherapy, requires manual manipulation of the radionuclide, 30 tc
h of treatment, and cumbersome radiation protection measures. The apparatus designed to deliver HDR brachytherapy subsequently became
nmercially available and iridium-192 became the radionuclide of choice; afterloading techniques and heavy shielded treatment rooms simplified
radiation protection practice. The major advantage over LDR brachytherapy has been a dramatic reduction of treatment time. HDR brachytherapy
1sually delivered as fractionated doses to maximize its safety and effectiveness. Treatment schedules vary in clinical practice because the

icedure requires bronchoscopy and placement of endobronchial catheters during each session. Most patients are treated once a week or once every
veeks, rather than once a day, to minimize patient discomfort.

dications and Contraindications

dobronchial therapy has been exclusively used to treat patients with endobronchial tumors. Although the specific indications may vary among
titutions, the general criteria for treatment include the following: biopsy-proven carcinoma of the lung or metastatic carcinoma; disease failed to
pond to potential curative therapies; symptoms caused by malignant endobronchial lesions, such as dyspnea, pneumonitis, hemoptysis, or
-actable cough, after debulking of the tumor with Nd-YAG laser or cryotherapy™; site of lesions suitable for placement of brachytherapy catheter
the delivery of radiation source.

e usual goal of brachytherapy is palliation of symptoms caused by airway obstruction. However, brachytherapy can also be used as an adjunct to
ernal beam radiotherapy for treatment in otherwise unresectable lung cancer. Some investigators™ have used it in patients who have histologically
sitive surgical margins after resection.

‘ew absolute contraindications for endobronchial brachytherapy include known fistulas to nonbronchial tissue areas and lesions that are not proven
lignancies. Patients with endotracheal carcinoma causing high-grade obstruction should be treated with the Nd-YAG laser and possible placement
stents before brachytherapy because of the potential for postradiation edema and total airway obstruction. Brachytherapy should be avoided in
ients who cannot safely undergo bronchoscopy.

ficacy of Endobronchial Brachytherapy

st studies of brachytherapy have reported its use in combination with external beam radiation or ND-YAG laser. The laser has been used for rapid
nptom relief and canalization of the airway for catheter placement. Subjective improvement after brachytherapy has ranged from 20% to 100%
sending on the symptoms. Hemoptysis is reported to be relieved in > 90% of the treated patients. Cough and dyspnea had moderate to minimal

ef, probably owing to an underlying chronic bronchitis or radiation fibrosis.’** Objective responses have been evaluated by either chest

iography or bronchoscopy. These evaluations are semiquantitative at best and based on visual assessment of the diameter of the airway lumen. An
struction score has been designed by some investigators but has not been widely used.” An extremely important factor that has affected the
>rpretations of these data has been the variation in the selection of patients in these studies. A significant number of patients have had advanced
ease and have refused subsequent bronchoscopic procedures. In the studies reviewed, there was > 50% improvement in patency of the airway. The
sitive response of most studies persisted for > 6 months.”"®

idobronchial Brachytherapy vs External Beam Radiation Therapy

nventional external beam radiation therapy relieves symptoms of hemoptysis, dyspnea, or chest pain in 50 to 80% of patients for 3 to 4 months.’'
wchytherapy has been shown to be as effective as, or even superior to, external beam radiation therapy for the relief of obstructive symptoms. In
sther study, after one exposure to HDR brachytherapy, the tumor was debulked in approximately 88% of patients; in 86% of the patients, the



noptysis improved.* These responses were maintained for 4 months. In a smaller group of patients who had received external beam radiation
rapy, brachytherapy did not result in long-lasting relief of symptoms. There are no studies comparing external beam radiation therapy directly to
lobronchial brachytherapy. Based on existing data, however, endobronchial brachytherapy has been offered as first-line and second-line treatment
effective palliation.

tdobronchial Brachytherapy With Nd-YAG Laser

2 Nd-YAG laser uses high energy to debulk tumor, resulting in rapid recanalization of the bronchial lumen. Rapid tumor regrowth with renewed
struction may require repeated laser treatment, which carries a risk of massive hemoptysis, fistula formation, bronchial perforation, and decreased
icacy.”>* Schray et al’' reported a response rate of 54% with combined laser therapy and LDR brachytherapy. In their retrospective review, Shea
1 colleagues® found significant differences in survival between patients undergoing combined LDR brachytherapy and laser treatment and those
eiving laser therapy alone. The use of the Nd-YAG laser with brachytherapy varies by institution.

achytherapy as a Curative Therapy

wchytherapy may have curative potential in selected patients who are not candidates for resection. Sutedja and colleagues™ have reported on two
ients with poor cardiopulmonary function who were subsequently "cured" of their intraluminal TINO squamous cell carcinoma after three
ctions of HDR brachytherapy. Nori et al® reported pathologically complete responses documented 8 months after the last treatment. Saito et a
orted results of a prospective phase II study of external beam radiation with LDR brachytherapy and radiologically occult lung carcinoma. Forty-
> patients were treated and all had a complete response. These results are preliminary, however, and further studies are needed to evaluate this
ential curative effect.
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ymplications

wchytherapy has both early and late complications. The bronchoscopic procedure and catheter insertion also may cause pneumothorax, bleeding,
ection, cough, catheter displacement, and bronchospasm. In experienced hands, the procedure causes few, usually minor complications.

e two most serious complications of endobronchial brachytherapy are massive hemoptysis and fistula formation to the mediastinum. Serious
nplications range from 0 to 42% in several large series.”” The risk of massive pulmonary hemorrhage is likely related to the proximity of
monary arteries to the left upper lobe bronchus. Indeed, Bedwinek and colleagues® found a 32% rate of massive hemoptysis with recurrent tumors
he right upper lobe, right mainstem, and left upper lobe bronchus. Khanavkar et al® suggested that the risk for these life-threatening complications
1igh enough that the procedure should not be used for tumors involving the major arteries; the potential destruction of the bronchial wall and
diastinal invasion by tumors should be evaluated using CT, MRI, or digital subtraction angiography before instituting endobronchial therapy.

immary

ice brachytherapy was first used 70 years ago, it has become an effective tool in the treatment of tracheobronchial malignancy, including primary

1 recurrent bronchogenic carcinoma and metastatic carcinoma. The technique has evolved from interstitial implantation of radiation sources

ectly to the tumor using rigid bronchoscopy, to intraluminal placement of a radiation source into a polyethylene catheter inserted by fiberoptic
mchoscopy. Intraluminal brachytherapy is effective in palliating complications caused by malignant endobronchial tumors, such as dyspnea,
noptysis, intractable cough, and pneumonia. Brachytherapy may be combined with external beam radiation and Nd-YAG laser therapy to enhance
liation. The risk of severe complications from brachytherapy may be caused by location of tumor more than by irradiation. Further investigations
necessary to determine the optimal dosage for brachytherapy and its efficacy when combined with external beam radiation therapy or other
lobronchial procedures, such as Nd-YAG laser or cryotherapy.

Airway Stents

rious other palliative options are available for the management of large airway obstruction. When the large airway is compressed by an

raluminal lesion (Fig 2), airway stents can play a major therapeutic role. The nature of the obstruction, acuity of presentation, availability and
sertise of the bronchoscopist all affect the efficacy of the stenting procedure.”” The term stent honors a late nineteenth century British dentist,
arles R. Stent, who developed a dental impression material that was later used as a template to support healing skin grafts.” Today, a stent is an
ficial support that maintains patency of a hollow tubular structure. Over the past 2 decades, various designs are used in clinical practice. The ideal



nt has characteristics that have never been realized in practice, including the following: ease of insertion and removal; availability in different sizes
natch the obstruction; ability to maintain position without migration; resistance to compressive forces, yet sufficient elasticity to conform to the
way contours; construction of inert material that will not irritate the airway, precipitate infection, or promote granulation tissue; and possession of
same characteristics as the normal airway so that mobilization of secretions is not impaired. Tracheobronchial stents are made of silicone, metal,
aybrid materials.

dications

nts may be used alone or with other techniques for palliation of dyspnea, cough, or respiratory insufficiency due to central airway obstruction.
:cific indications for their use are listed in Table 5.”

Table S—Indications for Stent Placement

[alignant neoplasm with extrinsic compression of large airway

[alignant tracheobronchial obstruction despite laser resection, cryotherapy, and dilation

[alignant tracheobronchial obstruction in patients undergoing external beam radiation or chemotherapy

racheobronchial esophageal fistula in conjunction with esophageal stent

enign conditions: posttraumatic lesion following intubation,, postinfectious stricture (endobronchial tuberculosis,
brosing mediastinitis , postinflammatory lesion (Wegener's granulomatosis), complications following lung
ansplantation (anastomotic stenosis, tracheobronchomalacia), tracheobronchomalacia (following radiation, relapsing
blychondritis), benign tumors (amyloidosis), congenital tracheoesophageal fistula, miscellaneous (tracheal distortion due
» kyphoscoliosis, extrinsic compression from esophageal stent)

airway stent supports the airway wall against collapse or external compression and can impede extension of tumor into the airway lumen. Stents
1 be safely used in patients undergoing external beam radiation therapy or brachytherapy, but they can burn or break when subjected to Nd-YAG
er energy.

licone Stents

e stent most widely used for central airway obstruction is the silicone stent. Silicone rubber is a synthetic substance made of silicone elastomers; it
irm, stable in high temperatures, and repels water. Silicone is easily molded and can be given various degrees of firmness or flexibility. Silicone
nts are relatively inexpensive, are well tolerated, do not break down, and resist extrinsic compression from tumor, enlarged lymph nodes, or firm
cumferential scars.

cement of an airway stent usually requires rigid bronchoscopy and general anesthesia; insertion using the flexible bronchoscope has been
icribed but is uncommon. Multiple stents can be inserted, if necessary, to palliate long areas of airway obstruction. Once placed, a stent can be
ositioned with rigid grasping forceps, and a stent of unsatisfactory size can be removed easily.

e first modern-day stent was the Montgomery silicone T-tube, developed in 1965 for treatment of subglottic stenosis. To place this stent, a
“heotomy is required.”" Complications include drying of secretions. The side tube can be closed to facilitate speech and humidification, and can
opened for cleaning.

icone stents migrate more commonly than other prostheses (incidence of about 30%) and may require repeated bronchoscopic procedures for
ositioning. Obstruction by accumulated secretions occurs in most patients, and granulation tissue at the proximal or distal extremities of the stent
y require careful endoscopic laser therapy or cryotherapy for removal. Silicone stents of various lengths, shapes, and diameters are available.
stom prostheses can be ordered from several makers, and we commonly obtain them for patients with benign, complex airway strictures from
sgener's granulomatosis, tuberculosis, or tracheobronchomalacia. Various silicone devices are available, including the smooth-walled Hood stent,
studded Dumon stent, and the Reynders-Noppen Tygon stent.



e smooth-walled Hood stent was one of the first silicone stents designed for use in the airway. It is a straight, smooth-walled silicone tube that can
ordered in varying lengths and diameters, or in the shape of a Y. Because the stent can be easily displaced within the airway by coughing, the
iign has been modified to include a small flange on its proximal and distal aspects. Nevertheless, stent migration still occurs.

e studded Dumon stent has become the most widely used airway stent since its introduction. It is now considered by many to be the "gold

ndard" for stents.”>’® The stent is manufactured in various diameters, lengths, and shapes, including straight, L-shaped, and Y-shaped. The stent
orporates small studs on its external surface to help prevent migration. These studs embed themselves slightly within the airway wall mucosa, but
y do not cause damage. However, the migration rate is 30%. One of the shortcomings of the stent is its wall thickness, which offers a low internal
>xternal diameter ratio, thus providing for a relatively smaller lumen. Placement of the Dumon stent requires a rigid bronchoscope with a special,
sensive delivery system and general anesthesia. Careful attention to size selection and periodic bronchoscopy to clean the stent are needed.
mplications such as stent migration, obstruction from retained secretions, and granuloma are some of its important drawbacks. To circumvent the
atively small lumen of the thick wall of the Dumon stent, an experimental self-expandable synthetic polyester-wire mesh stent impregnated with a
1 layer of silicone is being studied, and the initial results are encouraging.

e studded Hood stent contains studs in a configuration similar to that of the Dumon stent. Its performance and characteristics appear to be
1ivalent to those of the Dumon stent.

e Reynders-Noppen Tygon stent is not yet commercially available in the United States. It is a cylindrical Tygon plastic tube molded into a screw-
ead form. This stent is far more rigid than the silicone stents. It must be pushed into place along the outside of a specific introducer; it cannot be
ded into an applicator for bronchoscopic introduction. One study compared the outcome of 50 patients treated with either studded Dumon silicone
nts or screw-thread stents.”” Stent migration occurred in more patients who received Dumon stent (24% vs 5%), although the difference was not
tistically significant. Overall experience with screw-thread prostheses is limited.”®"”

etal Stents

rious metals, such as stainless steel, tantalum, and alloys incorporating cobalt, chromium, and molybdenum (Vitallium [Austenol Inc.; Chicago,

, nobelium), are inherently inert and can be safely placed into living tissues. The clinical application of tube stents and the recognition that the
tal component adds to the rigidity of these stents, coupled with the successful use of metal stents in animal models and in the esophagus, biliary
2, and vasculature, have led to the development of the metallic tracheobronchial stents. All metal stents are radio-opaque, exhibit varying degrees
dynamic expandability, are easy to insert, and maintain ventilation when placed across lobar orifices.”*®' These stents can be further divided into
ed-diameter stents, which require balloon dilatation, and self-expandable stents, which spring to a predetermined diameter once released. These
nts can be composed of bare metal or have a thin coating of silicone, nylon, or polyurethane.

e Palmaz and Strecker stents are fixed-diameter balloon-expandable stents. They are mainly placed using general anesthesia and rigid

mchoscopy. Clinical experience with Palmaz stents has been limited to the pediatric population, and only recently have both these stents been used
1dults.® The stents do not exhibit any intrinsic radial force; thus, compressive forces such as breathing and coughing may lead to their collapse

h loss of function, obstruction, or migration. The plastic behavior of the Palmaz stent probably makes it unsuitable for use.

tal stents offer several advantages over silicone prostheses. They can be introduced with a fiberoptic bronchoscope and, therefore, need only

ical airway anesthesia and conscious sedation for placement. Insertion can also be accomplished over fluoroscopically guided wires. Metal stents
ely migrate within the tracheobronchial tree ( < 1%). If the airway cannot be dilated before stent insertion, self-expanding stents may generate
ficient force to distend the airway.

yper selection of stent size is essential, and there is a risk of airway perforation due to the expansile force of these devices. Metal stents are more
sensive then silicone. They are difficult, if not impossible, to remove. Granulation tissue or tumor can grow easily in spaces between metal struts,
ding to obstruction, which can be prevented by the covering on the newer stents.

¢ Wallstent esophageal endoprosthesis (Boston Scientific Corporation; Natick, MA) is a self-expanding device made of cobalt alloy, braided
iments in the form of a tubular mesh. It has a special feature of outward radial force provided by its integral design. It is inserted in a constrained
m and, once deployed, expands to a preset diameter. The stent can be loaded into a delivery catheter, and it expands and shortens upon placement.
rious lengths and diameters are available. This type of stent is becoming more widely used because it can be placed with a fiberoptic

nchoscope, making it available to operators who do not perform rigid bronchoscopy.” (Only 8% of American bronchoscopists perform rigid
mchoscopy.) The covered metal stent prevents tumor and granulation growth through the spaces of the thin wire mesh.



self-expandable stent made of nitinol has been introduced into clinical practice. This nickel-titanium alloy stent exhibits properties of "shape
mory" such that, at cold temperatures, the stent deforms plastically and regains its original shape at body temperature.** Only recently available,
s stent may be more physiologic than the other metallic stents, but reports of extensive clinical testing are not yet available.*

e Gianturco stent is made of a continuous loop of stainless steel wire, which can be compressed into a narrow cylinder before bronchoscopic
cement. The stem comes in varying diameters and in both single and double post-expansion lengths; multiple stents can be attached to bridge
ger lesions. Once expanded, the stents maintain an expansive force, and small hooks embed in the airway mucosa to retard migration. Airway
ency is maintained as long as tissue or tumor does not grow through the stainless-steel wire. Complications include migration, tracheopharyngeal
ula, persistent cough, strut fracture, perforation, fatal erosion of pulmonary artery, and dislodgment and unraveling of the stent following suction
heter entrapment. The high pressures exerted over the airway mucosa at selected stent contact points may lead to mucosal ischemia and
foration.*” Due to the severity of reported complications, this stent is seldom used in the United States.

vbrid Stents

veral stents incorporating both silicone and metal have been designed in an attempt to remedy some of the drawbacks of purely silicone or metal
7ices. Hybrid stents consist of expandable metal struts that resist compression but are covered by a silicone membrane, which limits infiltration by
a0r or granulation tissue. These devices are more expansive titanium stents made exclusively of silicone or metal.

e covered Wallstent is similar to the metal Wallstent, but it is partially covered with a silicone membrane designed to prevent extension of tumor
granulation tissue through the spaces between the thin wire struts. It is available in various lengths and diameters, fits easily into a catheter for
ertion purposes, and is designed specifically for airway use. The stent is self-expanding and maintains its expansile force after insertion. Clinical
serience is growing in the United States, and the usefulness of the device remains hampered by difficulty in repositioning or removing it.

e Rusch Y stent it is a Y-shaped stent made of silicone with a firm anterior wall that consists of horseshoe-shaped metal struts, which simulate the
erior trachea wall; the posterior wall is made of soft silicone, simulating the pars membranosa of the trachea. The stent is long, comes in different
meters, and can be difficult to insert. It is placed during rigid laryngoscopy by means of a specially designed forceps, and the two distal limbs are
erted into the left and right main bronchi. Experience with this stent is limited, but its use may be appropriate with significant
-heobronchomalacia or long stricture involving the trachea and both main bronchi.*® The length of this stent makes it difficult for patients to
ectively clear airway secretions, and removal can be difficult if obstruction occurs.

chnique

»nchoscopy should be performed in all patients with symptoms or radiographic findings suggestive of tracheobronchial stenosis. If a stenosis is
covered, the distance from the vocal cords, and the length and diameter of the lesion should be documented. A spiral CT scan with three-
aensional reconstruction is extremely helpful in the sizing of the stent that will be needed. The type of stent placed and the preference of the
srator determine whether a rigid or flexible bronchoscopy is performed. The stent can be inserted as part of a bronchoscopic procedure including
otherapy, electrocautery, or Nd-YAG laser resection.”

t lesion is not amenable to endoscopic removal, bronchial dilation should be done so that the stent of greatest diameter can be inserted. When the
idity of a lesion makes dilation unsafe or impractical, stents of increasing size can be inserted sequentially. This is best accomplished with silicone
nts, which are easily removed and replaced. Alternatively, a self-expanding metal stent can be inserted to restore airway patency. In such cases,
iper selection of the caliber and length of the stent is essential.

Ulstents are inserted using flexible bronchoscopy exclusively. The length of the obstructed segment is measured by withdrawing the tip of the
mchoscope from the distal to the proximal end of the stenosis. CT of the chest, specifically three-dimensional reconstruction, allows for accurate
asurement of the length and diameter of the stenosis, as well as the diameter of the proximal normal airways, and for assessment of the distal
ways. The stent is placed under fluoroscopic guidance. A team approach, involving the interventional radiologist and pulmonologist, is very

pful. The stent is delivered using a 7F to 9F coaxial catheter system. It is mounted on an inner catheter whose central lumen allows for a 0.035-

h guidewire to be passed easily. Radiopaque marker bands are placed on the inner catheter marking either end of the stent. The initial step uses
eroptic bronchoscopy to define the lesion and to permit placement of skin markers corresponding to the distal and proximal ends of the obstructior
ng fluoroscopy. Under bronchoscopic and fluoroscopic guidance, a 0.035-inch guidewire measuring 180 cm in length with a 1.5-mm J tip is
-oduced past the obstructed segment. The scope is then carefully withdrawn, leaving the guidewire in place. The stent with its delivery system is

<t inserted over the guidewire, and the distal radiopaque marker band is aligned just beyond the distal skin marker. Gradual withdrawal of the oute:



heter allows controlled deployment of the stent under continuous fluoroscopic monitoring. The delivery system is then easily removed through the
»anded stent. The stent is dilated with an appropriately sized balloon catheter; this facilitates complete expansion of the stent because compressive
ces of the lesion operate against the stent and limit full expansion.

1 study of 51 Wallstents placed in 37 patients, 18 of whom presented with acute symptoms,” symptomatic improvement occurred in 97% and
mchoscopic evidence of airway patency was seen in all patients. Granuloma formation was found in six patients and withdrawal of inserted stents
:urred in one patient because of staphylococcal bronchitis. Technical problems related to inappropriate length of the stent occurred in five patients.
1er investigators have reported results of Wallstent placement for a variety of indications. Common to many of these is the fact that stent

cement is a palliative procedure, and symptomatic rather than objective improvement is the key. The flexibility and elasticity of the stents permit
m to mold to a tortuous or distorted airway. Patients can also be intubated when these stents are placed in the trachea, unlike silicone stents, which
:d elective removal.

hough insertion of a Wallstent is easy, there are certain technical limitations. To maintain integration of the stent, the individual alloy filaments
7e to make a precise number of turns. Thus, for any given diameter, the stent must be a particular length. The predetermined length may be either
+ short or too long for the stenotic segment. If too short, coaxially overlapping a second stent within the first is required. If too long, it may either
rtrude proximally or extend distally to cover lobar orifices. Although the orifices do not interfere with ventilation initially, granuloma formation
y obstruct them and lead to lobar collapse. Careful selection of a stent of the appropriate size is important, so that its body alone covers the

notic segment, leaving the terminal ends free to be embedded into the airway mucosa.

ymplications

anuloma formation is the most vexing of all complications occurring with tracheobronchial stents. It results from excessive reaction to the stent
1 resembles a foreign body reaction. When granuloma formation produces symptoms, interventions (laser therapy or cryotherapy) are required.
ugh is uncommon following stent placement. Chest pain or discomfort, hemoptysis, or foreign body sensation has not been encountered.

immary

nsiderable progress has been made since the initial stents were manufactured. Despite the reported side effects, cumulative evidence suggests
weficial effects in properly selected patients. The technology is still in evolution, and design modifications seek to uncover the perfect stent. The
mon stent remains the "gold standard" against which all other stents are measured.
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Lesson 22, Volume 14—Gamma Hydroxybutyrate and the
Comatose Patient

By Jo Ellen Dyer, PharmD, and Christine A. Haller, MD

Objectives
1. Identify the hallmark clinical features of acute gamma hydroxybutyrate (GHB) overdose.
2. Recognize that GHB analogs are rapidly converted to GHB in vivo and have similar clinical
effects.
3. List the steps in managing acute GHB overdose, including the importance of airway
management.

4. Understand that habitual use of GHB can lead to physical dependence that is associated with a
characteristic withdrawal syndrome.

5. Appreciate that fatalities have occurred from GHB use alone, as well as in combination with
ethanol.

Keywords

1,4-butanediol; coma; gamma butyrolactone; gamma hydroxybutyrate; GHB; overdose

Abbreviations

BD = 1,4-butanediol; GABA = y-aminobutyric acid; GBL = gamma butyrolactone; GCS = Glasgow Coma Score; GHB =
gamma hydroxybutyrate; GHV = gamma hydroxyvalerate; MDMA = methylenedioxymethamphetamine

There is a long list of medications and illicit drugs potentially associated with a presentation of coma. In practice, however,

the common classes of drug-related coma are relatively few in number, including ethanol, opiates, sedative-hypnotics, and
antidepressants. To this short list, a new and increasingly important substance has been recently added. This illicit chemical,
gamma hydroxybutyrate (GHB), has emerged in just a few short years to become a major cause of drug-related coma in the
United States, Canada, and Europe.

GHB is a carboxylic acid that freely crosses the blood-brain barrier and depresses consciousness. It was first synthesized in
France more than 40 years ago and investigated as a possible anesthetic. The onset and duration of anesthetic action after
GHB administration proved difficult to control. In addition, the lack of effective analgesia and undesirable side effects,
including myoclonus and emergence delirium, made GHB a poor choice as a single anesthetic agent. Consequently, GHB
was never approved by the Food and Drug Administration as an anesthetic in the United States. Renewed interest in GHB’s
therapeutic potential began in 1975, when reduced cataleptic attacks occurred after administration of GHB to patients with
narcolepsy.' GHB was granted orphan drug status in 1987 for the treatment of narcolepsy within the context of approved
Investigational New Drug studies. Beyond this exception, GHB remains classified as an unapproved drug by the US Food
and Drug Administration. More recently, European investigators have utilized GHB’s sedating effects for the management of
alcohol withdrawal.”



The appearance of GHB as an over-the-counter product in 1990, most notably in California health food stores, introduced an
era of multiple new uses. Initially, GHB was marketed to bodybuilders for its alleged anabolic effects because it was believed
to stimulate growth hormone release. On this basis, GHB was touted as an "undetectable steroid," even though anabolic
effects have not been demonstrated.’ This new use pattern for GHB was soon associated with clinical recognition of its
principal acute toxic effects: coma, myoclonus, and bradycardia. Unfortunately, increased use also led to lay recognition of
GHB’s mood altering effects: disinhibition, euphoria, and dissociation (the separation of perceptions from sensation). By
1993, GHB acquired status as a recreational drug of abuse, the media highlighting GHB use in Hollywood nightclubs. The
novelty of GHB and its disinhibiting effects motivated its use as a sex-enhancing drug. GHB use soon followed a pattern of
abuse seen with flunitrazepam ("roofies"), and the drug began to be used to facilitate sexual assault. These abuses of GHB
prompted initial state actions. Later federal legislation classified GHB in Schedule I of the Federal Controlled Substance Act
effective March 2000.*

The California Poison Control System receives many calls, as do other poison centers nationwide, regarding poisoning
exposures to GHB and its chemical precursors, gamma butyrolactone (GBL) and 1,4-butanediol (BD). Even though
physicians are becoming increasingly familiar with these drugs and their clinical effects, the number of GHB consultations to
poison control centers continues to increase. During the past 3 years in California, consultations for GHB exposures statewide
in California have increased 80%, from 199 exposures in 1997 to 356 in 1999. National trends are similar.

Trends in Precursors and Products

California added GHB to its list of controlled substances in 1997. As a result, use of the GHB precursors, GBL and BD,
became popular to avoid the criminal penalties associated with GHB. Not only is GBL easily converted in vitro to GHB by
base hydrolysis of the lactone ring, but it is also converted to GHB in vivo by a lactonase enzyme in plasma and liver. The
half-life of conversion is < 1 minute.’ The in vivo conversion of BD is also rapid via oxidation by alcohol dehydrogenase to
gamma hydroxybutyraldehyde and, in a second step, by aldehyde dehydrogenase to GHB.® However, BD oxidation to GHB
is inhibited by prior ingestion of ethanol, which competitively binds to alcohol dehydrogenase. Alternatively, ethanol taken
after BD conversion to GHB would be anticipated to potentiate the CNS-depressant effects of GHB.

The GBL and BD precursors of GHB are easily available at gyms and chemical supply stores, through the Internet, and by
mail order. They may be formulated as powders, capsules, gels, or liquids of various concentrations, colors, and flavors.
There are more than 80 street and trade names by which GHB and the precursors are bought and sold. Some are listed in
Table 1.

Table 1—Street, Trade, and Chemical Synonyms of GHB and Its Precursors, GBL and BD



Liquid X GH Relief Inner G
Liquid ecstasy GH Release NeuroMod
Natural sleep 500 GH Revitalizer NRG3 Weight belt cleaner
Organic Quaalude Insom-X Omega-G
Oxy sleep Invigorate Pine needle extract
Salty Water Jolt Pro G
Scoop Knock out Promusol
Soap Liquid Libido Rejuv@night
Sodium oxybate ReActive Rest-Q
Somatomax PM Regenerize Revitalize Plus
Vita G Remforce Serenity
Water RenewTrient Soma Solutions
Xyrem RenewTrient caps SomatoPro caps
Rest-eze Sucol B
Revivarant Tetramethylene glycol Thunder
Revivarant-G Thunder Nectar
Verve Ultradiol 1 g/oz
V-3 White Magic
X-12
Zen

Recently, another GHB precursor has surfaced, gamma hydroxyvalerate (GHV). Its synthesis, described on the Internet,
includes conversion of gamma valerolactone by base in methanol to GHV, which is then converted in vivo to GHB. In
addition to the known toxic effects of GHB, other toxicities may exist with precursor chemicals, either from GHV directly or
through ingestion of the chemicals used in the synthesis and conversion to GHV. Despite the lack of knowledge or testing for
the full spectrum of toxic effects, GHV is being promoted and its use can be expected to rise.

Recognizing the GHB user based on a standard profile may be difficult. The demographic features of accidental overdose
cases demonstrate a wide range of ages and social groups. GHB is not used only by bodybuilders. Young teens have
overdosed at school experimenting with GHB as an alcohol substitute, and a 71-year-old man taking GBL for insomnia
overdosed by mistaking his GBL container for a water bottle. However, the predominant group of users are young adults at
dance clubs or "rave" parties. These all-night dance parties commonly involve the use of "club drugs." Ketamine, LSD,
mushrooms, and ecstasy (methylenedioxymethamphetamine [MDMA]) are popular and frequently co-ingested with GHB or
its precursors. MDMA is the only club drug that may be detected on the standard urine toxicology screens by cross-reacting
with the amphetamine immunoassay.

There is a narrow margin of safety for GHB dosing. Most case reports of toxicity involve unintended overdoses. A mere
doubling of an intended 30 mg/kg "euphoric" dose to 60 mg/kg may result in coma. In addition, clinical responses may vary
as a result of factors such as fasting, tolerance, and co-ingestion of other CNS-depressant drugs. Few recreational drugs have
such a narrow index of safety.

Clinical Course of the Acute Overdose

The most distinctive feature of GHB overdose is its time course. The onset of altered mental status, even extending to coma,
may be within 15 minutes. The average duration of effect is also short. Most nonintubated but comatose patients recover
consciousness within 5 h.” As noted previously, coma, myoclonus, and bradycardia are the most prominent symptoms of
GHB overdose. Coma is typically profound, often clinically described as Glasgow Coma Score (GCS) of 3, the deepest level
of coma. Because depressed mental status may be abrupt in onset, this often results in injury from falls. Moreover, myoclonus



frequently occurs with the loss of consciousness, and often resolves before or during transport to the emergency department.
For these reasons, the presentation of GHB overdose may often be reported as seizure activity. Although status epilepticus
has not been reported in GHB overdose, the possible role of seizure activity in this syndrome remains controversial. Rare
generalized tonic-clonic seizures were reported in early anesthesia studies.® GHB is used to induce nonfocal seizures in
animal models, although similar EEG phenomena have not been seen in humans with therapeutic doses.’

The loss of airway-protective reflexes with subsequent obstruction of the airway by a flaccid tongue or vomitus, pulmonary
edema, and respiratory arrest are potential causes of death in GHB overdose. Central depression of respiratory drive can
result from GHB alone, but is more commonly described when ethanol and GHB are co-ingested. Periodic (Cheyne-Stokes)
respirations are seen in deep coma from GHB, although increased tidal volume often compensates for the reduced rate.
Endotracheal intubation may be required to protect the airway if gag or cough reflexes are absent, or if respiratory depression
leads to significant hypoxemia.

In a review of 88 cases of GHB overdose, intubation and mechanical ventilation were required in only 13% of cases. It did
not correlate directly with the GCS score: only 8 of 25 patients with a GCS of 3 were intubated. Two of these were
discharged directly from the emergency department after rapid recovery. The remainder were released within 24 h.
Respiratory acidosis with arterial blood gas pH in the range 7.22 to 7.43 and PCO, ranging from 32 to 56 were documented.’
The typical cardiovascular effect of GHB overdose is sinus bradycardia that is most often asymptomatic. Co-ingestion of
ethanol may cause hypotension. In three cases, atrial fibrillation that spontaneously converted to sinus rhythm has been
described.”"

Emergence from deep coma in GHB may be accompanied by a brief period of delirium manifested as agitation and
combativeness for about 30 minutes, particularly when the patient is stimulated. Vomiting may accompany this phase and is
present in 30% of cases. A similar phenomenon may occur upon induction of coma. Hypothermia is another common finding.
Urinary and fecal incontinence occurs less frequently.

Pupil size is a variable finding in GHB overdose. Characteristically, pupils are small during deep GHB-induced coma and
increase in diameter as the level of consciousness increases. However, co-ingestion of other stimulants and depressants will
also affect pupil size, making it an unreliable indicator of GHB overdose.

GHB assay is not included on standard, clinical, drug-of-abuse panels. It was not until 1995 that toxicology testing for GHB
in bodily fluids became available for clinical and forensic purposes. The Drug Enforcement Administration has documented
through autopsy and toxicology testing more than 65 GHB-related fatalities in the United States.* Death has resulted from
abrupt loss of consciousness leading to accident or injury, respiratory depression, positional asphyxia, pulmonary edema, or
aspiration of gastric contents. Death has also occurred from the combined depressant effects of ethanol or other sedative-
hypnotic agents used with GHB.

Medical Management

The ABCs of emergency management apply to acute GHB overdoses. In certain cases, as noted previously, central
depression of respiratory drive, pulmonary aspiration, or pulmonary edema may indeed necessitate intubation and mechanical
ventilation. Bradycardia is usually asymptomatic, and hypotension is rare in GHB overdose.

All patients with depressed level of consciousness in the context of possible drug overdose should empirically be given
dextrose, thiamine, and naloxone. Flumazenil, the antidote for benzodiazepine overdose, antagonizes the y-aminobutyric acid
(GABA)-A receptor and has not been effective in reversing symptoms of GHB overdose. Gastric decontamination is also
unlikely to be of benefit in the small accidental overdose of GHB that is rapidly absorbed from the GI tract. Additionally,
gastric lavage and activated charcoal are contraindicated in the absence of an intact gag reflex without airway protection. In
cases of known co-ingestion or a large suicidal ingestion, nasogastric administration of activated charcoal may be advisable
in the context of adequate airway protection. Contact with a local or regional poison control center should occur early in the
evaluation and management of a patient with suspected GHB overdose.

Serum chemistry values should be evaluated because altered mental status due to hyponatremia has been reported in "ravers"
y yp p



who ingest MDMA. A CT scan should be performed if there is evidence of head trauma or focal findings on neurologic
examination, but need not be routine in GHB overdose.

Patients emerging from GHB-related coma may be agitated, delirious, and combative. This so-called emergence delirium is
optimally managed with the least amount of intervention, as patients rapidly transition through this brief phase. Patient
restraint may be temporarily required, but pharmacologic sedation should be avoided, if possible, in order to continue
assessing the level of consciousness.

The GHB Withdrawal Syndrome

A GHB withdrawal syndrome consisting of CNS stimulation and autonomic instability has been recently described in the
medical literature.'"'? This withdrawal syndrome appears to be linked to chronic daily use and may be precipitated by
skipping just a single dose. Euphoria associated with GHB use and the promises of improved physique for little effort may
cause habitual, escalating use resulting in physiologic adaptation. GHB-dependent patients describe increasingly frequent
ingestion of GHB, every 1 to 3 h around the clock, with nighttime awakening for doses to prevent the symptoms of
withdrawal. The duration of GHB use in these patients was typically > 6 weeks. In three cases, the product was analyzed to
allow estimation of the daily dose, which ranged from 43 to 144 g/d."

The clinical withdrawal course occurs rapidly within 1 to 6 h after the last dose. The early withdrawal symptoms of insomnia,
tremor, and confusion progress over 2 to 3 days. Patients experience symptoms of CNS stimulation including tremor,
auditory and visual hallucinations, and delirium. Autonomic stimulation with tachycardia and hypertension can also occur.
The duration of withdrawal symptoms ranges from 5 to 15 days.

The GHB withdrawal syndrome has some clinical similarities to sedative-hypnotic withdrawal. High levels of exogenous
GHB act as an agonist at the GHB receptor and the GABA-B receptor. Another agent that acts at the GABA-B receptor is the
skeletal muscle relaxant, baclofen. Dependence with baclofen occurs and the withdrawal syndrome is also typical of sedative-
hypnotic withdrawal.

Treatment is supportive and is centered on sedation to avoid escalation of symptoms resulting in metabolic acidosis,
rhabdomyolysis, or seizures. Benzodiazepines, propofol, and barbiturates have been used, although high doses may be
required, especially when initiation of treatment is delayed. In two unpublished anecdotal cases of GHB withdrawal, a
baclofen trial did not alter the course.

The differential diagnosis should include other sedative-hypnotic and alcohol withdrawal syndromes, as well as acute drug-
induced states due to sympathomimetic intoxication such as cocaine or amphetamine, serotonin syndrome, or neuroleptic
malignant syndrome. Altered mental status may also result from metabolic causes such as thiamine deficiency due to poor
nutritional balance from dieting, weight training programs, or use of GHB as an ethanol substitute. Bodybuilders who are
abusing GHB may also be using I'V steroids and sharing needles, and may be at risk for their complications as well. Fatalities
have occurred in patients attempting home management of GHB withdrawal symptoms, through accidental overdose of
hydrocodone or water intoxication while "flushing the system."

Public Education

Education about the dangers of GHB use is important to combat the intense misinformation on the Internet and through other
sources. Health care providers can play an important role in such education. The public should be made aware that GHB and
the precursors are not dietary supplements, but rather are unapproved drugs. GHB ingested alone can produce life-threatening
acute effects and has resulted in fatalities. Because GHB is a Federal Schedule I controlled substance like heroin, there are
similar penalties for use, possession, and distribution. The onset of effects is abrupt and unpredictable, making driving
especially dangerous. Fatalities have been reported while driving under the influence of GHB. Recreational users should
further be warned that GHB can be addicting and physical withdrawal symptoms may accompany discontinuation of chronic
GHB use.



Summary

GHB has recently emerged as a major cause of drug-related coma in the United States and Europe. GHB and the precursors
are easily available sold over the Internet as supplements or as chemical solvents. The most prominent symptoms in acute
overdose are profound coma, myoclonus, and bradycardia of unusually fast onset and short duration. The management is
directed toward supportive care with careful attention to the airway. A more prolonged course of symptoms occurs in chronic
heavy users who experience a withdrawal syndrome characteristic of sedative-hypnotic withdrawal syndromes; these
individuals exhibit CNS stimulation and autonomic instability. Poison control center consultation is recommended early in
the evaluation and management of a patient with a suspected GHB overdose.
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